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Description 

Background of the Invention 

This invention relates to novel compositions of matter, hereinafter called targeted multifunctional 
proteins, useful, for example, in specific binding assays, affinity purification, biocatalysis, drug targeting, 
imaging, immunological treatment of various oncogenic and infectious diseases, and in other contexts. More 
specifically, this invention relates to biosynthetic proteins expressed from recombinant DNA as a single 
polypeptide chain comprising plural regions, one of which has a structure similar to an antibody binding 
io site, and an affinity for a preselected antigenic determinant, and another of which has a separate function, 
and may be biologically active, designed to bind to ions, or designed to facilitate immobilization of the 
protein. This invention also relates to the binding proteins per se, and methods for their construction. 

There are five classes of human antibodies. Each has the same basic structure (see Figure 1), or 
multiple thereof, consisting of two identical polypeptides called heavy (H) chains (molecularly weight 
75 approximately 50,000 d) and two identical light (L) chains (molecular weight approximately 25,000 d). Each 
of the five antibody classes has a similar set of light chains and a distinct set of heavy chains. A light chain 
is composed of one variable and one constant domain, while a heavy chain is composed of one variable 
and three or more constant domains. The combined variable domains of a paired light and heavy chain are 
known as the Fv region, or simply M Fv\ The Fv determines the specificity of the immunoglobulin, the 
20 constant regions have other functions. 

Amino acid sequence data indicate that each variable domain comprises three hypervariable regions or 
loops, sometimes called complementarity determining regions or "CDRs" flanked by four relatively 
conserved framework regions or "FRs" (Kabat et. al M Sequences of Proteins of Immunological Interest [U.S. 
Department of Health and Human Services, third edition, 1983, fourth edition, 1987]). The hypervariable 
25 regions have been assumed to be responsible for the binding specificity of individual antibodies and to 
account for the diversity of binding of antibodies as a protein class. 

Monoclonal antibodies have been used both as diagnostic and therapeutic agents. They are routinely 
produced according to established procedures by hybridomas generated by fusion of mouse lymphoid cells 
with an appropriate mouse myeloma cell line. 
30 The literature contains a host of references to the concept of targeting bioactive substances such as 
drugs, toxins, and enzymes to specific points in the body to destroy or locate malignant cells or to induce a 
localized drug or enzymatic effect. It has been proposed to achieve this effect by conjugating the bioactive 
substance to monoclonal antibodies (see, e.g., Vogel, Immunoconjugates. Antibody Conjugates in 
Radioimaging and Therapy of Cancer , 1987, N.Y., Oxford University Press: and Ghose et al. (1978) J. Natl. 
35 Cancer Inst. 61:657-676, ). However, non-human antibodies induce an immune response when injected into 
humans. Human monoclonal antibodies may alleviate this problem, but they are difficult to produce by cell 
fusion techniques since, among other problems, human hybridomas are notably unstable, and removal of 
immunized spleen cells from humans is not feasible. 

Chimeric antibodies composed of human and non-human amino acid sequences potentially have 
40 improved therapeutic value as they presumably would elicit less circulating human antibody against the 
non-human immunoglobulin sequences. Accordingly, hybrid antibody molecules have been proposed which 
consist of amino acid sequences from different mammalian sources. The chimeric antibodies designed thus 
far comprise variable regions from one mammalian source, and constant regions from human or another 
mammalian source (Morrison et al. (1984) Proc. Natl. Acad. Sci. U.S.A., 8^:5851-6855; Neuberger et al. 
45 (1984) Nature 312:604-608; Sahagan et al. (1986) J. Immunol. 137:1066-1074; EP-A-0 125 023, Genentech; 
EP-A-0 171 496 Research Development Corporation of Japan; EP-A-0 173 494 Stanford; WO-A-8 601 533 
Celltech Limited). 

It has been reported that binding function is localized to the variable domains of the antibody molecule 
located at the amino terminal end of both the heavy and light chains. The variable regions remain 

so noncovalently associated (as V H V L dimers, termed Fv regions) even after proteolytic cleavage from the 
native antibody molecule, and retain much of their antigen recognition and binding capabilities (see. for 
example, Inbar et al., Proc. Natl. Acad. Sci. U.S.A. (1972) 69:2659-2662; Hochman et. al. (1973) Biochem. 
12:1130-1135; and (1976) Biochem. 15:2706-2710; Sharon and Givol (1976) Biochem. 15:1591-1594, 
Rosenblatt and Haber (1978) Biochem. 17:3877-3882; Ehrlich et al. (1980) Biochem. 19:4091-40996). 

55 Methods of manufacturing two-chain Fv substantially free of constant region using recombinant DNA 
techniques are disclosed in U.S. 4.642,334 and corresponding published specification EP 088,994. Bio- 
technology, Vol.4, No.12, 1986. pp.1041-1043. does not provide an enabling disclosure of a single chain 
antibody alone or linked to an anti-cancer agent. 
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Summary of the Invention 

In one aspect the invention provides a single chain multi-functional biosynthetic protein expressed from 
a single gene derived by recombinant DNA techniques, said protein comprising: 
5 a biosynthetic antibody binding site capable of binding to a preselected antigenic determinant and 
comprising an amino acid sequence homologous with the sequence of a variable region of an im- 
munoglobulin molecule capable of binding said preselected antigenic determinant, 

a first biofunctional domain comprising a polypeptide selected from the group consisting of effector 
proteins having a conformation suitable for biological activity in mammals, amino acid sequences capable of 
jo sequestering an ion, and amino acid sequences capable of selective binding to a solid support, and 

a first polypeptide linker disposed between said binding site and said first biofunctional domain, wherein 
said polypeptide linker comprises plural, hydrophilic, peptide-bonded amino acids and which defines a 
polypeptide which connects the C-terminal end of said binding site and the N-terminal end of said first 
biofunctional domain or the N-terminal end of said binding site and the C-terminal end of said first 
75 biofunctional domain, whereupon said binding protein assumes a conformation suitable for binding and said 
first biofunctional domain assumes a conformation suitable for biological activity, sequestering an ion, or 
selectively binding a solid support. 

The binding site may comprise at least two binding domains peptide bonded by a second polypeptide 
linker disposed between said domains, wherein said second polypeptide linker comprises plural, hydro- 
20 philic, peptide-bonded amino acids and which defines a polypeptide of a length sufficient to span the 
distance between the C-terminal end of one of said binding domains and the N-terminal end of the other of 
said binding domains when said binding protein assumes a conformation suitable for binding when 
disposed in aqueous solution. 

The amino acid sequence of each of the binding domains may comprise a set of CDRs (Complemen- 
ts tarity determining regions) interposed between a set of FRs (Framework regions), each of which is 
respectively homologous with CDRs and FRs from a said variable region of an immunoglobulin molecule 
capable of binding said preselected antigenic determinant. 

At least one of said binding domains may comprise a said set of CDRs homologous with the CDRs in a 
first immunoglobulin and a set of FRs homologous with the FRs in a second, distinct immunoglobulin. 
30 In another aspect, the invention provides a single polypeptide chain comprising: 

a pair of polypeptide domains together defining a site for binding a preselected antigen, and being 
joined through the C-terminus of one to the N-terminus of the other by a polypeptide linker, wherein the 
amino acid sequence of each of said polypeptide domains mimics an immunoglobulin variable region, and 
at least one said domain comprises: 
35 a set of CDR amino acid sequences together defining a recognition site for said preselected antigen, 
wherein said CDR sequences are non-human sequences, 

a set of FR amino acid sequences linked to said set of CDR sequences, wherein said FR amino acid 
sequences are homologous to sequences obtained from a human immunoglobulin, and 

said linked sets of CDR and FR amino acid sequences together defining a chimeric binding domain 
40 which, when disposed in aqueous solution, assumes a tertiary structure suitable for immunological binding 
with said preselected antigen. 

In still another aspect, the invention provides a single polypeptide chain comprising: 
a pair of polypeptide domains defining a site for binding a preselected antigen joined by a polypeptide 
linker spanning the distance between the C-terminal of one to the N-terminal of the other, wherein the 
45 amino acid sequence of at least one of said polypeptide domains comprises a recombinant variable region 
comprising: 

a set of CDR amino acid sequences together defining a recognition site for said preselected antigen, 
wherein said CDR sequences are homologous to sequences obtained from a first immunoglobulin. 

a set of FR amino acid sequences linked to said set of CDR sequences, wherein said FR amino acid 
so sequences are homologous to sequences obtained from a second immunoglobulin, and 

said linked sets of CDR and Fr amino acid sequences together defining a chimeric single chain variable 
region binding polypeptide which, when disposed in aqueous solution, assumes a tertiary structure suitable 
for immunological binding with said preselected antigen. 

In preferred aspects, the FRs of the binding protein are homologous to at least a portion of the FRs 
55 from a human immunoglobulin, the linker spans at least about 40 angstroms; a polypeptide spacer is 
incorporated in the multifunctional protein between the binding site and the second polypeptide; and the 
binding protein has an affinity for the preselected antigenic determinant no less than two orders of 
magnitude less than the binding affinity of the immunoglobulin molecule used as a template for the CDR 
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regions of the binding protein. The preferred linkers and spacers are cysteine-free. The linker preferably 
comprises amino acids having unreactive side groups, e.g., alanine and glycine. Linkers and spacers can be 
made by combining plural consecutive copies of an amino acid sequence, e.g., (Gly4 Ser) 3 . The invention 
also provides DNAs encoding these proteins and host cells harboring and capable of expressing these 
5 DNAs. 

As used herein, the phrase biosynthetic antibody binding site or BABS means synthetic proteins 
expressed from DNA derived by recombinant techniques. BABS comprise biosynthetically produced 
sequences of amino acids defining polypeptides designed to bind with a preselected antigenic material. The 
structure of these synthetic polypeptides is unlike that of naturally occurring antibodies, fragments thereof, 

70 e.g., Fv, or known synthetic polypeptides or "chimeric antibodies" in that the regions of the BABS 
responsible for specificity and affinity of binding, (analogous to native antibody variable regions) are linked 
by peptide bonds, expressed from a single DNA, and may themselves be chimeric, e.g., may comprise 
amino acid sequences homologous to portions of at least two different antibody molecules. The BABS 
embodying the invention are biosynthetic in the sense that they are synthesized in a cellular host made to 

T5 express a synthetic DNA, that is. a recombinant DNA made by ligation of plural, chemically synthesized 
oligonucleotides, or by ligation of fragments of DNA derived from the genome of a hybridoma, mature B cell 
clone, or a cDNA library derived from such natural sources. The proteins of the invention are properly 
characterized as "binding sites" in that these synthetic molecules are designed to have specific affinity for a 
preselected antigenic determinant. The polypeptides of the invention comprise structures patterned after 

20 regions of native antibodies known to be responsible for antigen recognition. 

Accordingly, it is an object of the invention to provide novel multifunctional proteins comprising one or 
more effector proteins and one or more biosynthetic antibody binding sites, and to provide DNA sequences 
which encode the proteins. Another object is to provide a generalized method for producing biosynthetic 
antibody binding site polypeptides of any desired specificity. 

25 

Brief Description of the Drawing 

The foregoing and other objects of this invention, the various features thereof, as well as the invention 
itself, may be more fully understood from the following description, when read together with the accom- 
30 panying drawings. 

Figure 1A is a schematic representation of an intact IgG antibody molecule containing two light chains, 
each consisting of one variable and one constant domain, and two heavy chains, each consisting of one 
variable and three constant domains. Figure 1B is a schematic drawing of the structure of Fv proteins (and 
DNA encoding them) illustrating V H and V L domains, each of which comprises four framework (FR) regions 
35 and three complementarity determining (CDR) regions. Boundaries of CDRs are indicated, by way of 
example, for monoclonal 26-10, a well known and characterized murine monoclonal specific for digoxin. 

Figure 2A-2E are schematic representations of some of the classes of reagents constructed in 
accordance with the invention, each of which comprises a biosynthetic antibody binding site. 

Figure 3 discloses five amino acid sequences (heavy chains) in single letter code lined up vertically to 
40 facilitate understanding of the invention. Sequence 1 is the known native sequence of V H from murine 
monoclonal glp-4 (anti-lysozyme). Sequence 2 is the known native sequence of V H from murine monoclonal 
26-10 (anti-digoxin). Sequence 3 is a BABS comprising the FRs from 26-10 V H and the CDRs from glp-4 
V H . The CDRs are identified in lower case letters; restriction sites in the DNA used to produce chimeric 
sequence 3 are also identified. Sequence 4 is the known native sequence of V H from human myeloma 
45 antibody NEWM. Sequence 5 is a BABS comprising the FRs from NEWM V H and the CDRs from glp-4 V H , 
i.e., illustrates a "humanized" binding site having a human framework but an affinity for lysozyme similar to 
murine glp-4. 

Figures 4A-4F are the synthetic nucleic acid sequences and encoded amino acid sequences of (4 A) the 
heavy chain variable domain of murine anti-digoxin monoclonal 26-10; (4B) the light chain variable domain 

so of murine anti-digoxin monoclonal 26-10; (4C) a heavy chain variable domain of a BABS comprising CDRs 
of glp-4 and FRs of 26-10; (4D) a light chain variable region of the same BABS; (4E) a heavy chain variable 
region of a BABS comprising CDRs of glp-4 and FRs of NEWM; and (4F) a light chain variable region 
comprising CDRs of glp-4 and FRs of NEWM. Delineated are FRs, CDRs, and restriction sites for 
endonuclease digestion, most of which were introduced during design of the DNA. 

55 Figure 5 is the nucleic acid and encoded amino acid sequence of a host DNA (V H ) designed to facilitate 
insertion of CDRs of choice. The DNA was designed to have unique 6-base sites directly flanking the CDRs 
so that relatively small oligonucleotides defining portions of CDRs can be readily inserted, and to have other 
sites to facilitate manipulation of the DNA to optimize binding properties in a given construct. The 
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framework regions of the molecule correspond to murine FRs (Figure 4A). 

Figures 6A and 6B are multifunctional proteins (and DNA encoding them) comprising a single chain 
BABS with the specificity of murine monoclonal 26-10, linked through a spacer to the FB fragment of 
protein A, here fused as a leader, and constituting a binding site for Fc. The spacer comprises the 11 C- 
terminal amino acids of the FB followed by Asp-Pro (a dilute acid cleavage site). The single chain BABS 
comprises sequences mimicking the V H and V L (6A) and the V L and V H (6B) of murine monoclonal 26-10. 
The V t in construct 6A is altered at residue 4 where valine replaces methionine present in the parent 26-10 
sequence. These constructs contain binding sites for both Fc and digoxin. Their structure may be 
summarized as; 

(6A) FB-Asp-Pro- VH-(Gly* -Ser) 3 -V L) 

and 

(6B) FB-Asp-Pro-V L -(Gly4-Ser) 3 -V H , 
where (Gly*-Ser)3 is a polypeptide linker. 

In Figures 4A-4E and 6A and 6B, the amino acid sequence of the expression products start after the 
GAATTC sequences, which codes for an EcoRI splice site, translated as Glu-Phe on the drawings. 

Rgure 7A is a graph of percent of maximum counts bound of radioiodinated digoxin versus concentra- 
tion of binding protein adsorbed to the plate comparing the binding of native 26-10 (curve 1) and the 
construct of Figure 6A and Figure 2B renatured using two different procedures (curves 2 and 3). Rgure 7B 
is a graph demonstrating the Afunctional ity of the FB-(26-10) BABS adhered to microtiter plates through the 
specific binding of the binding site to the digoxin-BSA coat on the plate. Figure 7B shows the percent 
inhibition of 125 l-rabbit-lgG binding to the FB domain of the FB BABS by the addition of IgG, protein A, FB, 
murine lgG2a, and murine IgGI . 

Figure 8 is a schematic representation of a model assembled DNA sequence encoding a multifunctional 
biosynthetic protein comprising a leader peptide (used to aid expression and thereafter cleaved), a binding 
site, a spacer, and an effector molecule attached as a trailer sequence. 

Figure 9A-9E are exemplary synthetic nucleic acid sequences and corresponding encoded amino acid 
sequences of binding sites of different specificities: (A) FRs from NEWM and CDRs from 26-10 having the 
digoxin specificity of murine monoclonal 26-10; (B) FRs from 26-10. and CDRs from G-loop-4 (glp-4) having 
lysozyme specificity; (C) FRs and CDRs from MOPC-315 having dinitrophenol (DNF) specificity; (D) FRs 
and CDRs from an anti-CEA monoclonal antibody; (E) FRs in both V H and V L and CDH } and CDR 3 in V H , 
and CDRi, CDR 2 , and CDRs in V L from an anti-CEA monoclonal antibody; CDR 2 in V H is a CDR2 
consensus sequence found in most immunoglobulin V H regions. 

Rgure 1 0A is a schematic representation of the DNA and amino acid sequence of a leader peptide 
(MLE) protein with corresponding DNA sequence and some major restriction sites. Rgure 10B shows the 
design of an expression plasmid used to express MLE-BABS (26-10). During construction of the gene, 
fusion partners were joined at the EcoRI site that is shown as part of the leader sequence. The pBR322 
plasmid, opened at the unique Sspl and Pstl sites, was combined in a 3-part ligation with an Sspl to EcoRI 
fragment bearing the trp promoter and MLE leader and with an EcoRI to Pstl fragment carrying the BABS 
gene. The resulting expression vector confers tetracycline resistance on positive transformants. 

Figure 11 is an SDS-polyacrylamide gel (15%) of the (26-10) BABS at progressive stages of 
purification. Lane 0 shows low molecular weight standards; lane 1 is the MLE-BABS fusion protein; lane 2 is 
an acid digest of this material; lane 3 is the pooled DE-52 chromatographed protein; lanes 4 and 5 are the 
same oubain-Sepharose® pool of single chain BABS except that lane 4 protein is reduced and lane 5 
protein is unreduced. 

Rgure 12 shows inhibition curves for 26-10 BABS and 26-10 Fab species, and indicates the relative 
affinities of the antibody fragment for the indicated cardiac glycosides. 

Rgures 13A and 13B are plots of digoxin binding curves. (A) shows 26-10 BABS binding isotherm and 
Sips plot (inset), and (B) shows 26-10 Fab binding isotherm and Sips plot (inset). 

Rgure 14 is a nucleic acid sequence and corresponding amino acid sequence of a modified FB dimer 
leader sequence and various restriction sites. 

Figure 15A-15H are nucleic acid sequences and corresponding amino acid sequences of biosynthetic 
multifunctional proteins including a single chain BABS and various biologically active protein trailers linked 
via a spacer sequence. Also indicated are various endonuclease digestion sites. The trailing sequences are 
(A) epidermal growth factor (EGF); (B) streptavidin; (C) tumor necrosis factor (TNF); (D) calmodulin; (E) 
platelet derived growth factor-beta (PDGF-beta); (F) ricin; and (G) interleukin-2, and (H) an FB-FB dimer. 
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Description 

The invention will first be described in its broadest overall aspects with a more detailed description 
following. 

5 A class of novel biosynthetic, bi or multifunctional proteins has now been designed and engineered 
which comprise biosynthetic antibody binding sites, that is, "BABS" or biosynthetic polypeptides defining 
structure capable of selective antigen recognition and preferential antigen binding, and one or more peptide- 
bonded additional protein or polypeptide regions designed to have a preselected property. Examples of the 
second region include amino acid sequences designed to sequester ions, which makes the protein suitable 

jo for use as an imaging agent, and sequences designed to facilitate immobilization of the protein for use in 
affinity chromatography and solid phase immunoassay. Another example of the second region is a bioactive 
effector molecule, that is, a protein having a conformation suitable for biological activity, such as an 
enzyme, toxin, receptor, binding site, growth factor, cell differentiation factor, lymphokine, cytokine, 
hormone, or anti-metabolite. This invention features synthetic, multifunctional proteins comprising these 

75 regions peptide bonded to one or more biosynthetic antibody binding sites, synthetic, single chain proteins 
designed to bind preselected antigenic determinants with high affinity and specificity, constructs containing 
multiple binding sites linked together to provide multipoint antigen binding and high net affinity and 
specificity, DNA encoding these proteins prepared by recombinant techniques, host cells harboring these 
DNAs, and methods for the production of these proteins and DNAs. 

20 The invention requires recombinant production of single chain binding sites having affinity and 
specificity for a predetermined antigenic determinant. This technology has been developed and is disclosed 
herein. In view of this disclosure, persons skilled in recombinant DNA technology, protein design, and 
protein chemistry can produce such sites which, when disposed in solution, have high binding constants (at 
least 10 6 . preferably 10 8 M~\) and excellent specificity. 

25 The design of the BABS is based on the observation that three subregions of the variable domain of 
each of the heavy and light chains of native immunoglobulin molecules collectively are responsible for 
antigen recognition and binding. Each of these subregions, called herein "complementarity determining 
regions" or CDRs, consists of one of the hypervariable regions or loops and of selected amino acids or 
amino acid sequences disposed in the framework regions or FRs which flank that particular hypervariable 

30 region. It has now been discovered that FRs from diverse species are effective to maintin CDRs from 
diverse other species in proper conformation so as to achieve true immunochemical binding properties in a 
biosynthetic protein. It has also been discovered that biosynthetic domains mimicking the structure of the 
two chains of an immunoglobulin binding site may be connected by a polypeptide linker while closely 
approaching, retaining, and often improving their collective binding properties. 

35 The binding site region of the multifunctional proteins comprises at least one, and preferably two 
domains, each of which has an amino acid sequence homologous to portions of the CDRs of the variable 
domain of an immunoglobulin light or heavy chain, and other sequence homologous to the FRs of the 
variable domain of the same, or a second, different immunoglobulin light or heavy chain. The two domain 
binding site construct also includes a polypeptide linking the domains. Polypeptides so constructed bind a 

ao specific preselected antigen determined by the CDRs held in proper conformation by the FRs and the 
linker. Preferred structures have human FRs. i.e., mimic the amino acid sequence of at least a portion of the 
framework regions of a human immunoglobulin, and have linked domains which together comprise structure 
mimicking a V H -V L or V L -V H immunoglobulin two-chain binding site. CDR regions of a mammalian 
immunoglobulin, such as those of mouse, rat, or human origin are preferred. In one preferred embodiment, 

45 the biosynthetic antibody binding site comprises FRs homologous with a portion of the FRs of a human 
immunoglobulin and CDRs homologous with CDRs from a mouse or rat immunoglobulin. This type of 
chimeric polypeptide displays the antigen binding specificity of the mouse or rat immunoglobulin, while its 
human framework minimizes human immune reactions. In addition, the chimeric polypeptide may comprise 
other amino acid sequences. It may comprise, for example, a sequence homologous to a portion of the 
so constant domain of an immunoglobulin, but preferably is free of constant regions (other than FRs). 

The binding site region(s) of the chimeric proteins are thus single chain composite polypeptides 
comprising a structure which in solution behaves like an antibody binding site. The two domain, single chain 
composite polypeptide has a structure patterned after tandem V H and V t domains, but with the carboxyl 
terminal of one attached through a linking amino acid sequence to the amino terminal of the other. The 
55 linking amino acid sequence may or may not itself be antigenic or biologically active. It preferably spans a 
distance of at least about 40A, i.e., comprises at least about 14 amino acids, and comprises residues which 
together present a hydrophilic. relatively unstructured region. Linking amino acid sequences having little or 
no secondary structure work well. Optionally, one or a pair of unique amino acids or amino acid sequences 
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recognizable by a site specific cleavage agent may be included in the linker. This permits the V H and V L - 
like domains to be separated after expression, or the linker to be excised after refolding of the binding site. 

Either the amino or carboxyl terminal ends (or both ends) of these chimeric, single chain binding sites 
are attached to an amino acid sequence which itself is bioactive or has some other function to produce a 

5 Afunctional or multifunctional protein. For example, the synthetic binding site may include a leader and/or 
trailer sequence defining a polypeptide having enzymatic activity, independent affinity for an antigen 
different from the antigen to which the binding site is directed, or having other functions such as to provide 
a convenient site of attachment for a radioactive ion, or to provide a residue designed to link chemically to a 
solid support. This fused, independently functional section of protein should be distinguished from fused 

70 leaders used simply to enhance expression in prokaryotic host cells or yeasts. The multifunctional proteins 
also should be distinguished from the "conjugates" disclosed in the prior art comprising antibodies which, 
after expression, are linked chemically to a second moiety. 

Often, a series of amino acids designed as a "spacer" is interposed between the active regions of the 
multifunctional protein. Use of such a spacer can promote independent refolding of the regions of the 

j 5 protein. The spacer also may include a specific sequence of amino acids recognized by an endopeptidase, 
for example, endogenous to a target cell (e.g., one having a surface protein recognized by the binding site) 
so that the bioactive effector protein is cleaved and released at the target. The second functional protein 
preferably is present as a trailer sequence, as trailers exhibit less of a tendency to interfere with the binding 
behavior of the BABS. 

20 The therapeutic use of such "self-targeted" bioactive proteins offers a number of advantages over 
conjugates of immunoglobulin fragments or complete antibody molecules: they are stable, less im- 
munogenic and have a lower molecular weight; they can penetrate body tissues more rapidly for purposes 
of imaging or drug delivery because of their smaller size; and they can facilitate accelerated clearance of 
targeted isotopes or drugs. Furthermore, because design of such structures at the DNA level as disclosed 

25 herein permits ready selection of bioproperties and specificities, an essentially limitless combination of 
binding sites and bioactive proteins is possible, each of which can be refined as disclosed herein to 
optimize independent activity at each region of the synthetic protein. The synthetic proteins can be 
expressed in procaryotes such as E. coli, and thus are less costly to produce than immunoglobulins or 
fragments thereof which require expression in cultured animal cell lines. 

30 The invention thus provides a family of recombinant proteins expressed from a single piece of DNA, all 
of which have the capacity to bind specifically with a predetermined antigenic determinant. The preferred 
species of the proteins comprise a second domain which functions independently of the binding region. In 
this aspect the invention provides an array of "self-targeted" proteins which have a bioactive function and 
which deliver that function to a locus determined by the binding site's specificity. It also provides 

35 biosynthetic binding proteins having attached polypeptides suitable for attachment to immobilization 
matrices which may be used in affinity chromatography and solid phase immunoassay applications, or 
suitable for attachment to ions, e.g., radioactive ions, which may be used for in vivo imaging. 

The successful design and manufacture of the proteins of the invention depends on the ability to 
produce biosynthetic binding sites, and most preferably, sites comprising two domains mimicking the 

40 variable domains of immunoglobulin connected by a linker. 

As is now well known, Fv, the minimum antibody fragment which contains a complete antigen 
recognition and binding site, consists of a dimer of one heavy and one light chain variable domain in 
noncovalent association (Figure 1A). It is in this configuration that the three complementarity determining 
regions of each variable domain interact to define an antigen binding site on the surface of the V H -V L dimer. 

45 Collectively, the six complementarity determining regions (see Figure 1 B) confer antigen binding specificity 
to the antibody. FRs flanking the CDRs have a tertiary structure which is essentially conserved in native 
immunoglobulins of species as diverse as human and mouse. These FRs serve to hold the CDRs in their 
appropriate orientation. The constant domains are not required for binding function, but may aid in 
stabilizing Vh-V l interaction. Even a single variable domain (or half of an Fv comprising only three CDRs 

so specific for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than an 
entire binding site (Painter et al. (1972) Biochem. 1J_:1 327-1 337). 

This knowledge of the structure of immunoglobulin proteins has now been exploited to develop 
multifunctional fusion proteins comprising biosynthetic antibody binding sites and one or more other 
domains. 

55 The structure of these biosynthetic proteins in the region which impart the binding properties to the 
protein is analogous to the Fv region of a natural antibody. It comprises at least one, and preferably two 
domains consisting of amino acids defining V H and V L -like polypeptide segments connected by a linker 
which together form the tertiary molecular structure responsible for affinity and specificity. Each domain 
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comprises a set of amino acid sequences analogous to immunoglobulin CDRs held in appropriate 
conformation by a set of sequences analogous to the framework regions (FRs) of an Fv fragment of a 
natural antibody. 

The term CDR, as used herein, refers to amino acid sequences which together define the binding 
5 affinity and specificity of the natural Fv region of a native immunoglobulin binding site, or a synthetic 
polypeptide which mimics this function. CDRs typically are not wholly homologous to hypervariable regions 
of natural Fvs, but rather also may include specific amino acids or amino acid sequences which flank the 
hypervariable region and have heretofore been considered framework not directly determinitive of com- 
plementarity. The term FR, as used herein, refers to amino acid sequences flanking or interposed between 
10 CDRs. 

The CDR and FR polypeptide segments are designed based on sequence analysis of the Fv region of 
preexisting antibodies or of the DNA encoding them. In one embodiment, the amino acid sequences 
constituting the FR regions of the BABS are analogous to the FR sequences of a first preexisting antibody, 
for example, a human IgG. The amino acid sequences constituting the CDR regions are analogous to the 
T5 sequences from a second, different preexisting antibody, for example, the CDRs of a murine IgG. 
Alternatively, the CDRs and FRs from a single preexisting antibody from, e.g., an unstable or hard to culture 
hybridoma, may be copied in their entirety. 

Practice of the invention enables the design and biosynthesis of various reagents, all of which are 
characterized by a region having affinity for a preselected antigenic determinant. The binding site and other 
20 regions of the biosynthetic protein are designed with the particular planned utility of the protein in mind. 
Thus, if the reagent is designed for intravascular use in mammals, the FR regions may comprise amino 
acids similar or identical to at least a portion of the framework region amino acids of antibodies native to 
that mammalian species. On the other hand, the amino acids comprising the CDRs may be analogous to a 
portion of the amino acids from the hypervariable region (and certain flanking amino acids) of an antibody 
25 having a known affinity and specificity, e.g., a murine or rat monoclonal antibody. 

Other sections of native immunoglobulin protein structure, e.g., C H and C Lf need not be present and 
normally are intentionally omitted from the biosynthetic proteins. However, the proteins of the invention 
normally comprise additional polypeptide or protein regions defining a bioactive region, e.g., a toxin or 
enzyme, or a site onto which a toxin or a remotely detectable substance can be attached. 
30 The invention thus can provide intact biosynthetic antibody binding sites analogous to V H -V L dimers, 
either non-covalently associated, disulfide bonded, or preferably linked by a polypeptide sequence to form 
a composite V H -V L or V L -V H polypeptide which may be essentially free of antibody constant region. The 
invention also provides proteins analogous to an independent V H or V L domain, or dimers thereof. Any of 
these proteins may be provided in a form linked to, for example, amino acids analogous or homologous to a 
35 bioactive molecule such as a hormone or toxin. 

Connecting the independently functional regions of the protein is a spacer comprising a short amino 
acid sequence whose function is to separate the functional regions so that they can independently assume 
their active tertiary conformation. The spacer can consist of an amino acid sequence present on the end of 
a functional protein which sequence is not itself required for its function, and/or specific sequences 
40 engineered into the protein at the DNA level. 

The spacer generally may comprise between 5 and 25 residues. Its optimal length may be determined 
using constructs of different spacer lengths varying, for example, by units of 5 amino acids. The specific 
amino acids in the spacer can vary. Cysteines should be avoided. Hydrophiiic amino acids are preferred. 
The spacer sequence may mimic the sequence of a hinge region of an immunoglobulin It may also be 
45 designed to assume a structure, such as a helical structure. Proteolytic cleavage sites may be designed 
into the spacer separating the variable region-like sequences from other pendant sequences so as to 
facilitate cleavage of intact BABS, free of other protein, or so as to release the bioactive protein in vivo . 

Figures 2A-2E illustrate five examples of protein structures embodying the invention that can be 
produced by following the teaching disclosed herein. All are characterized by a biosynthetic polypeptide 
so defining a binding site 3, comprising amino acid sequences comprising CDRs and FRs. often derived from 
different immunoglobulins, or sequences homologous to a portion of CDRs and FRs from different 
immunoglobulins. Figure 2A depicts a single chain construct comprising a polypeptide domain 10 having an 
amino acid sequence analogous to the variable region of an immunoglobulin heavy chain, bound through its 
carboxyl end to a polypeptide linker 12, which in turn is bound to a polypeptide domain 14 having an amino 
55 acid sequence analogous to the variable region of an immunoglobulin light chain. Of course, the light and 
heavy chain domains may be in reverse order. Alternatively, the binding site may comprise two substan- 
tially homologous amino acid sequences which are both analogous to the variable region of an im- 
munoglobulin heavy or light chain. 
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also have reduced immunogenicity. In addition, their design facilitates coupling to other moieties in drug 
targeting and imaging application. Such coupling may be conducted chemically after expression of the 
BABS to a site of attachment for the coupling product engineered into the protein at the DNA level. Active 
effector proteins having toxic, enzymatic, binding, modulating, cell differentiating, hormonal, or other 
5 bioactivity are expressed from a single DNA as a leader and/or trailer sequence, peptide bonded to the 
BABS. 

Design and Manufacture 

io The proteins of the invention are designed at the DNA level. The chimeric or synthetic DNAs are then 
expressed in a suitable host system, and the expressed proteins are collected and renatured if necessary. A 
preferred general structure of the DNA encoding the proteins is set forth in Figure 8. As illustrated, it 
encodes an optimal leader sequence used to promote expression in procaryotes having a built-in cleavage 
site recognizable by a site specific cleavage agent, for example, an endopeptidase, used to remove the 

15 leader after expression. This is followed by DNA encoding a V H -like domain, comprising CDRs and FRs, a 
linker, a V L -iike domain, again comprising CDRs and FRs, a spacer, and an effector protein. After 
expression, folding, and cleavage of the leader, a Afunctional protein is produced having a binding region 
whose specificity is determined by the CDRs, and a peptide-linked independently functional effector region. 
The ability to design the BABS of the invention depends on the ability to determine the sequence of the 

20 amino acids in the variable region of monoclonal antibodies of interest, or the DNA encoding them. 
Hybridoma technology enables production of cell lines secreting antibody to essentially any desired 
substance that produces an immune response. RNA encoding the light and heavy chains of the im- 
munoglobulin can then be obtained from the cytoplasm of the hybridoma. The 5' end portion of the mRNA 
can be used to prepare cDNA for subsequent sequencing, or the amino acid sequence of the hypervariable 

25 and flanking framework regions can be determined by amino acid sequencing of the V region fragments of 
the H and L chains. Such sequence analysis is now conducted routinely. This knowledge, coupled with 
observations and deductions of the generalized structure of immunoglobulin Fvs, permits one to design 
synthetic genes encoding FR and CDR sequences which likely will bind the antigen. These synthetic genes 
are then prepared using known techniques, or using the technique disclosed below, inserted into a suitable 

30 host, and expressed, and the expressed protein is purified. Depending on the host cell, renaturation 
techniques may be required to attain proper conformation. The various proteins are then tested for binding 
ability, and one having appropriate affinity is selected for incorporation into a reagent of the type described 
above. If necessary, point substitutions seeking to optimize binding may be made in the DNA using 
conventional casette mutagenesis or other protein engineering methodology such as is disclosed below. 

35 Preparation of the proteins of the invention also is dependent on knowledge of the amino acid sequence 
(or corresponding DNA or RNA sequence) of bioactive proteins such as enzymes, toxins, growth factors, 
cell differentiation factors, receptors, anti-metabolites, hormones or various cytokines or lymphokines. Such 
sequences are reported in the literature and available through computerized data banks. 

The DNA sequences of the binding site and the second protein domain are fused using conventional 

40 techniques, or assembled from synthesized oligonucleotides, and then expressed using equally conven- 
tional techniques. 

The processes for manipulating, amplifying, and recombining DNA which encode amino acid sequences 
of interest are generally well known in the art, and therefore, not described in detail herein. Methods of 
identifying and isolating genes encoding antibodies of interest are well understood, and described in the 

45 patent and other literature. In general, the methods involve selecting genetic material coding for amino acids 
which define the proteins of interest, including the CDRs and FRs of interest, according to the genetic code. 

Accordingly, the construction of DNAs encoding proteins as disclosed herein can be done using known 
techniques involving the use of various restriction enzymes which make sequence specific cuts in DNA to 
produce blunt ends or cohesive ends, DNA ligases, techniques enabling enzymatic addition of sticky ends 

so to blunt-ended DNA, construction of synthetic DNAs by assembly of short or medium length 
oligonucleotides, cDNA synthesis techniques, and synthetic probes for isolating immunoglobulin or other 
bioactive protein genes. Various promoter sequences and other regulatory DNA sequences used in 
achieving expression, and various types of host cells are also known and available. Conventional transfec- 
tion techniques, and equally conventional techniques for cloning and subcloning DNA are useful in the 

55 practice of this invention and known to those skilled in the art. Various types of vectors may be used such 
as plasmids and viruses including animal viruses and bacteriophages. The vectors may exploit various 
marker genes which impart to a successfully transfected cell a detectable phenotypic property that can be 
used to identify which of a family of clones has successfully incorporated the recombinant DNA of the 
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potential cleavage sites which may be present within the target protein is hindered. The hinge region may 
comprise an amino acid sequence which includes one or more proline residues. This allows formation of a 
substantially unfolded molecular segment. Aspartic acid, glutamic acid, arginine, lysine, serine, and 
threonine residues maximize ionic interactions and may be present in amounts and/or in sequence which 

5 renders the moiety comprising the hinge water soluble. 

The cleavage site preferably is immediately adjacent the Fv polypeptide chains and comprises one 
amino acid or a sequence of amino acids exclusive of any sequence found in the amino acid structure of 
the chains in the Fv. The cleavage site preferably is designed for unique or preferential cleavage by a 
specific selected agent. Endopeptidases are preferred, although non-enzymatic (chemical) cleavage agents 

10 may be used. Many useful cleavage agents, for instance, cyanogen bromide, dilute acid, trypsin, Staphy- 
lococcus aureus V-8 protease, post proline cleaving enzyme, blood coagulation Factor Xa, enterokinase, 
and renin, recognize and preferentially or exclusively cleave particular cleavage sites. One currently 
preferred cleavage agent is V-8 protease. The currently preferred cleavage site is a Glu residue. Other 
useful enzymes recognize multiple residues as a cleavage site, e.g., factor Xa (lle-Glu-Gly-Arg) or 

75 enterokinase (Asp-Asp-Asp-Asp-Lys). The principles of this selective cleavage approach may also be used 
in the design of the linker and spacer sequences of the multifunctional constructs of the invention where an 
exciseable linker or selectively cleavable linker or spacer is desired. 

Design of Synthetic V H and vVMimics 

20 

FRs from the heavy and light chain murine anti-digoxin monoclonal 26-10 (Figures 4A and 4B) were 
encoded on the same DNAs with CDRs from the murine anti-lysozyme monoclonal glp-4 heavy chain 
(Figure 3 sequence 1) and light chain to produce V H (Figure 4C) and V L (Figure 4D) regions together 
defining a biosynthetic antibody binding site which is specific for lysozyme. Murine CDRs from both the 

25 heavy and light chains of monoclonal glp-4 were encoded on the same DNAs with FRs from the heavy and 
light chains of human myeloma antibody NEWM (Figures 4E and 4F). The resulting interspecies chimeric 
antibody binding domain has reduced immunogenicity in humans because of its human FRs, and specificity 
for lysozyme because of its murine CDRs. 

A synthetic DNA was designed to facilitate CDR insertions into a human heavy chain FR and to 

30 facilitate empirical refinement of the resulting chimeric amino acid sequence. This DNA is depicted in 
Figure 5. 

A synthetic, bifunctional FB-binding site protein was also designed at the DNA level, expressed, 
purified, renatured, and shown to bind specifically with a preselected antigen (digoxin) and Fc. The detailed 
primary structure of this construct is shown in Figure 6; its tertiary structure is illustrated schematically in 
35 Figure 2B. 

Details of these and other experiments, and additional design principles on which the invention is 
based, are set forth below. 

GENE DESIGN AND EXPRESSION 

40 

Given known variable region DNA sequences, synthetic V t and V H genes may be designed which 
encode native or near native FR and CDR amino acid sequences from an antibody molecule, each 
separated by unique restriction sites located as close to FR-CDR and CDR-FR borders as possible. 
Alternatively, genes may be designed which encode native FR sequences which are similar or identical to 

45 the FRs of an antibody molecule from a selected species, each separated by "dummy" CDR sequences 
containing strategically located restriction sites. These DNAs serve as starting materials for producing 
BABS. as the native or "dummy" CDR sequences may be excised and replaced with sequences encoding 
the CDR amino acids defining a selected binding site. Alternatively, one may design and directly synthesize 
native or near-native FR sequences from a first antibody molecule, and CDR sequences from a second 

so antibody molecule. Any one of the V H and V L sequences described above may be linked together directly, 
via an amino acids chain or linker connecting the C-terminus of one chain with the N-terminus of the other. 

These genes, once synthesized, may be cloned with or without additional DNA sequences coding for, 
e.g., an antibody constant region, enzyme, or toxin, or a leader peptide which facilitates secretion or 
intracellular stability of a fusion polypeptide. The genes then can be expressed directly in an appropriate 

55 host cell, or can be further engineered before expression by the exchange of FR, CDR, or "dummy" CDR 
sequences with new sequences. This manipulation is facilitated by the presence of the restriction sites 
which have been engineered into the gene at the FR-CDR and CDR-FR borders. 



13 



EP 0 318 554 B1 



Figure 3 illustrates the general approach to designing a chimeric V H ; further details of exemplary 
designs at the DNA level are shown in Figures 4A-4F. Figure 3, lines 1 and 2, show the amino acid 
sequences of the heavy chain variable region of the murine monoclonals glp-4 (anti-lysozyme) and 26-10 
(anti-digoxin), including the four FR and three CDR sequences of each. Line 3 shows the sequence of a 

5 chimeric V H which comprises 26-10 FRs and glp-4 CDRs. As illustrated, the hybrid protein of line 3 is 
identical to the native protein of line 2, except that 1) the sequence TFTNYYIHWLK has replaced the 
sequence IFTDFYMNWVR, 2) EWIGWIYPGNGNTKYNENFKG has replaced DYIGYISPYSGVTGYNQKFKG, 
3) RYTHYYF has replaced GSSGNKWAM, and 4) A has replaced V as the sixth amino acid beyond CDR-2. 
These changes have the effect of changing the specificity of the 26-10 V H to mimic the specificity of glp-4. 

io The Ala to Val single amino acid replacement within the relatively conserved framework region of 26-10 is 
an example of the replacement of an amino acid outside the hypervariable region made for the purpose of 
altering specificity by CDR replacement. Beneath sequence 3 of Figure 3, the restriction sites in the DNA 
encoding the chimeric V H (see Figures 4A-4F) are shown which are disposed about the CDR-FR borders. 
Lines 4 and 5 of Figure 3 represent another construct. Line 4 is the full length V H of the human antibody 

75 NEWM. That human antibody may be made specific for lysozyme by CDR replacement as shown in line 5. 
Thus, for example, the segment TFTNYYIHWLK from glp-4 replaces TFSNDYYTWVR of NEWM, and its 
other CDRs are replaced as shown. This results in a V H comprising a human framework with murine 
sequences determining specificity. 

By sequencing any antibody, or obtaining the sequence from the literature, in view of this disclosure 

20 one skilled in the art can produce a BABS of any desired specificity comprising any desired framework 
region. Diagrams such as Figure 3 comparing the amino acid sequence are valuable in suggesting which 
particular amino acids should be replaced to determine the desired complementarity. Expressed sequences 
may be tested for binding and refined by exchanging selected amino acids in relatively conserved regions, 
based on observation of trends in amino acid sequence data and/or computer modeling techniques. 

25 Significant flexibility in V H and V L design is possible because the amino acid sequences are determined 
at the DNA level, and the manipulation of DNA can be accomplished easily. 

For example, the DNA sequence for murine V H and V L 26-10 containing specific restriction sites flanking 
each of the three CDRs was designed with the aid of a commercially available computer program which 
performs combined reverse translation and restriction site searches ("RV.exe" by Compugene, Inc.). The 

30 known amino acid sequences for V H and V u 26-10 polypeptides were entered, and all potential DNA 
sequences which encode those peptides and all potential restriction sites were analyzed by the program. 
The program can, in addition, select DNA sequences encoding the peptide using only codons preferred by 
E. coli if this bacterium is to be host expression organism of choice. Figures 4A and 4B show an example of 
program output. The nucelic acid sequences of the synthetic gene and the corresponding amino acids are 

35 shown. Sites of restriction endonuclease cleavage are also indicated. The CDRs of these synthetic genes 
are underlined. 

The DNA sequences for the synthetic 26-10 V H and V L are designed so that one or both of the 
restriction sites flanking each of the three CDRs are unique. A six base site (such as that recognized by 
Bsm I or BspM I) is preferred, but where six base sites are not possible, four or five base sites are used. 

40 These sites, if not already unique, are rendered unique within the gene by eliminating other occurrences 
within the gene without altering necessary amino acid sequences. Preferred cleavage sites are those that, 
once cleaved, yield fragments with sticky ends just outside of the boundary of the CDR within the 
framework. However, such ideal sites are only occasionally possible because the FR-CDR boundary is not 
an absolute one, and because the amino acid sequence of the FR may not permit a restriction site. In these 

45 cases, flanking sites in the FR which are more distant from the predicted boundary are selected. 

Figure 5 discloses the nucleotide and corresponding amino acid sequence (shown in standard single 
letter code) of a synthetic DNA comprising a master framework gene having the generic structure: 

Ri-FRi -X, -FR 2 -X2 -FFfe -X3-FR4 -Ffe 
where Rt and R 2 are restricted ends which are to be ligated into a vector, and Xi, X2, and X3 are DNA 

50 sequences whose function is to provide convenient restriction sites for CDR insertion. This particular DNA 
has murine FR sequences and unique, 6-base restriction sites adjacent the FR borders so that nucleotide 
sequences encoding CDRs from a desired monoclonal can be inserted easily. Restriction endonuclease 
digestion sites are indicated with their abbreviations; enzymes of choice for CDR replacement are 
underscored. Digestion of the gene with the following restriction endonucleases results in 3' and 5* ends 

55 which can easily be matched up with and ligated to native or synthetic CDRs of desired specificity; Kpnl 
and BstXI are used for ligation of CDR1; Xbal and Dral for CDR 2 ; and BssHIl and Clal for CDR 3 . 



14 



EP 0 318 554 B1 



OLIGONUCLEOTIDE SYNTHESIS 

The synthetic genes and DNA fragments designed as described above preferably are produced by 
assembly of chemically synthesized oligonucleotides. 15-100mer oligonucleotides may be synthesized on a 
5 Biosearch DNA Model 8600 Synthesizer, and purified by polyacrylamide gel electrophoresis (PAGE) in Tris- 
Borate-EDTA buffer (TBE). The DNA is then electroeluted from the gel. Overlapping oligomers may be 
phosphorylated by T4 polynucleotide kinase and ligated into larger blocks which may also be purified by 
PAGE. 

io CLONING OF SYNTHETIC OLIGONUCLEOTIDES 

The blocks or the pairs of longer oligonucleotides may be cloned into E. coli using a suitable, e.g., pUC. 
cloning vector. Initially, this vector may be altered by single strand mutagenesis to eliminate residual six 
base altered sites. For example, V H may be synthesized and cloned into pUC as five primary blocks 

75 spanning the following restriction sites: 1. EcoRI to first Narl site; 2. first Narl to Xbal; 3. Xbal to Sail; 4. Sail 
to Ncol; 5. Ncol to BamHI. These cloned fragments may then be isolated and assembled in several three- 
fragment ligations and cloning steps into the pUC8 plasmid. Desired ligations selected by PAGE are then 
transformed into, for example, E. coli strain JM83, and plated onto LB Ampicillin + Xgal plates according to 
standard procedures. The gene sequence may be confirmed by supercoil sequencing after cloning, or after 

20 subcloning into M13 via the dideoxy method of Sanger. 

PRINCIPLE OF CDR EXCHANGE 

Three CDRs (or alternatively, four FRs) can be replaced per V H or V L . In simple cases, this can be 
25 accomplished by cutting the shuttle pUC plasmid containing the respective genes at the two unique 
restriction sites flanking each CDR or FR, removing the excised sequence, and ligating the vector with a 
native nucleic acid sequence or a synthetic oligonucleotide encoding the desired CDR or FR. This three 
part procedure would have to be repeated three times for total CDR replacement and four times for total FR 
replacement. Alternatively, a synthetic nucleotide encoding two consecutive CDRs separated by the 
30 appropriate FR can be ligated to a pUC or other plasmid containing a gene whose corresponding CDRs and 
FR have been cleaved out. This procedure reduces the number of steps required to perform CDR and/or 
FR exchange. 

EXPRESSION OF PROTEINS 

35 

The engineered genes can be expressed in appropriate prokaryotic hosts such as various strains of E. 
coli, and in eucaryotic hosts such as Chinese hamster ovary cell, murine myeloma, and human 
myeloma/transfectoma cells. 

For example, if the gene is to be expressed in E. coli, it may first be cloned into an expression vector. 

40 This is accomplished by positioning the engineered gene downstream from a promoter sequence such as 
trp or tac, and a gene coding for a leader peptide. The resulting expressed fusion protein accumulates in 
retractile bodies in the cytoplasm of the cells, and may be harvested after disruption of the cells by French 
press or sonication. The retractile bodies are solubilized, and the expressed proteins refolded and cleaved 
by the methods already established for many other recombinant proteins 

45 If the engineered gene is to be expressed in myeloma cells, the conventional expression system for 
immunoglobulins, it is first inserted into an expression vector containing, for example, the Ig promoter, a 
secretion signal, immunoglobulin enhancers, and various introns. This plasmid may also contain sequences 
encoding all or part of a constant region, enabling an entire part of a heavy or light chain to be expressed. 
The gene is transfected into myeloma cells via established electroporation or protoplast fusion methods. 

so Cells so transfected can express V L or V H fragments, V L2 or Vh2 homodimers, V L -V H heterodimers, V H -V t or 
V L -V H single chain polypeptides, complete heavy or light immunoglobulin chains, or portions thereof, each 
of which may be attached in the various ways discussed above to a protein region having another function 
(e.g., cytotoxicity). 

Vectors containing a heavy chain V region (or V and C regions) can be cotransfected with analogous 
55 vectors carrying a light chain V region (or V and C regions), allowing for the expression of noncovalently 
associated binding sites (or complete antibody molecules). 

In the examples which follow, a specific example of how to make a single chain binding site is 
disclosed, together with methods employed to assess its binding properties. Thereafter, a protein construct 
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having two functional domains is disclosed. Lastly, there is disclosed a series of additional targeted proteins 
which exemplify the invention. 

I EXAMPLE OF CDR EXCHANGE AND EXPRESSION 

5 

The synthetic gene coding for murine V H and V L 26-10 shown in Figures 4A and 4B were designed 
from the known amino acid sequence of the protein with the aid of Compugene, a software program. These 
genes, although coding for the native amino acid sequences, also contain non-native and often unique 
restriction sites flanking nucleic acid sequences encoding CDR's to facilitate CDR replacement as noted 
to above. 

Both the 3* and 5' ends of the large synthetic oligomers were designed to include 6-base restriction 
sites, present in the genes and the pUC vector. Furthermore, those restriction sites in the synthetic genes 
which were only suited for assembly hut not for cloning the pUC were extended by "helper" cloning sites 
with matching sites in pUC. 

15 Cloning of the synthetic DNA and later assembly of the gene is facilitated by the spacing of unique 
restriction sites along the gene. This allows corrections and modifications by cassette mutagenesis at any 
location. Among them are alterations near the 5' or 3' ends of the gene as needed for the adaptation to 
different expression vectors. For example, a Pstl site is positioned near the 5' end of the V H gene. Synthetic 
linkers can be attached easily between this site and a restriction site in the expression plasmid. These 

20 genes were synthesized by assembling oligonucleotides as described above using a Biosearch Model 8600 
DNA Synthesizer. They were ligated to vector pUC8 for transformation of E. coli. 

Specific CDRs may be cleaved from the synthetic V H gene by digestion with the following pairs of 
restriction endonucleases: HpHI and BstXI for CDRi; Xbal and Dral for CDFfe; and Banll and Banl for CDR3. 
After removal on one CDR, another CDR of desired specificity may be ligated directly into the restricted 

25 gene, in its place if the 3' and 5' ends of the restricted gene and the new CDR contain complementary 
single stranded DNA sequences. 

In the present example, the three CDRs of each of murine V H 26-10 and V L 26-10 were replaced with 
the corresponding CDRs of glp-4. The nucleic acid sequences and corresponding amino acid sequences of 
the chimeric V H and V L genes encoding the FRs of 26-10 and CDRs of g!p-4 are shown in Figures 4C and 

30 4D. The positions of the restriction endonuclease cleavage sites are noted with their standard abbreviations. 
CDR sequences are underlined as are the restriction endonucleases of choice useful for further CDR 
replacement. 

These genes were cloned into pUC8, a shuttle plasmid. To retain unique restriction sites after cloning, 
the VH-like gene was spliced into the EcoRI and Hindlll or BamHI sites of the plasmid. 

35 Direct expression of the genes may be achieved in E. coli. Alternatively, the gene may be preceded by 
a leader sequence and expressed in E. coli as a fusion product by splicing the fusion gene into the host 
gene whose expression is regulated by interaction of a repressor with the respective operator. The protein 
can be induced by starvation in minimal medium and by chemical inducers. The V H -V L biosynthetic 26-10 
gene has been expressed as such a fusion protein behind the trp and tac promoters. The gene translation 

40 product of interest may then be cleaved from the leader in the fusion protein by e.g., cyanogen bromide 
degradation, tryptic digestion, mild acid cleavage, and/or digestion with factor Xa protease. Therefore, a 
shuttle plasmid containing a synthetic gene encoding a leader peptide having a site for mild acid cleavage, 
and into which has been spliced the synthetic BABS gene was used for this purpose. In addition, synthetic 
DNA sequences encoding a signal peptide for secretion of the processed target protein into the periplasm 

45 of the host cell can also be incorporated into the plasmid. 

After harvesting the gene product and optionally releasing it from a fusion peptide, its activity as an 
antibody binding site and its specificity for glp-4 (lysozyme) epitope are assayed by established im- 
munological techniques, e.g., affinity chromatography and radioimmunoassay. Correct folding of the protein 
to yield the proper three-dimensional conformation of the antibody binding site is prerequisite for its activity. 

50 This occurs spontaneously in a host such as a myeloma cell which naturally expresses immunoglobulin 
proteins. Alternatively, for bacterial expression, the protein forms inclusion bodies which, after harvesting, 
must be subjected to a specific sequence of solvent conditions (e.g., diluted 20 X from 8 M urea 0.1 M Tris- 
HCI pH 9 into 0.15 M NaCi, 0.01 M sodium phosphate, pH 7.4 (Hochman et a!. (1976) Biochem. 15:2706- 
2710) to assume its correct conformation and hence its active form. 

55 Figures 4E and 4F show the DNA and amino acid sequence of chimeric V„ and V L comprising human 
FRs from NEWM and murine CDRs from glp-4. The CDRs are underlined, as are restriction sites of choice 
for further CDR replacement or empirically determined refinement. 
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j=L-c---jsr.»s *tts zsz: rsrs 

replacement. . designed using the methodologies disclosed 

Binding sites with other speaficrt.es have afco been desg g ^ cdRs ^ ^ ^ 

herein. Examples include those having |FRs 'T^ ^ 9B) FRs and CDRs trom murine MOPC-315 
(Figure 9A), murine 26-10 FRs and <^^™£><n monocM antibody (Figure 

(Figure 9C) FRs and I CDRs fro* . an ^^JS^SSli 1 and 3 from the V H of the anti-CEA 
S£ 2 S ^m^iuVrmunoglohulin gene (Figure 9E). 
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II. Model Binding Site: 



mimicking its structure. 
20 Protein Design : 



25 



30 



Crystallographies determine, atomic 5^?£X£r£ 
Brookhaven Data Bank. Inspection o the of the V„ domain and 

parent Fab fragments indicated ^^^SC^il^ ** "-a* is approximately 3.8 
the N-terminus of the V L domain .s about 35 A Cons.d lenng mat p p ^ fc ^ ^ 

*• a lur^^ t - 15 sequence 

^Gt^ ^- selected to connect ^.^^^^^ demonstrate 
(G "Binding'studies with single chain binding sites having .ess ^n o ^greater . g ^ 



111 lr\CI uwe- 

compared to those with (Gly-Serb linkers. 
Gene Synthesis 



35 



40 



45 



50 



55 



Oesign of the 744 base seguence for the syndic ^ S^SS 
sequence of 26-10 by choosing codons frequently used .n | J* • ^ promot9 , 

syMhetic gene is shown in Figure 8, d f; S *X^ ^wn in Figured, and V H 

operator, the modified trp LE leader pept.de MLE) £ ""^J ™ wa8 assernb | e d from 46 chemically 
were prepared largely as described prev.ous.y. ^J^S^fcS^l (13 to 19 bases) that included 
synthesized oligonucleotides^.. 15 ^^^X^SZ were enzymatical.y ..gated into 
cohesive cloning ends. Between 8 and 15 ^ riappng o go ^ by 

d0 ub.e stranded DNA. cut at ^ addM *" * *" 

SS: - - comp,ete 9ene m,mickin9 Vh by 

, r0 m 33 to 88 base pairs, prepared ,n "*^ D ^^Stt- doub.e stranded segments were 

^^^^ 



tion sites. 
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The trp promoter-operator, starting from its Sspl site, was assembled from 12 overlapping 15 base 
oligomers, and the MLE leader gene was assembled from 24 overlapping 15 base oligomers. These were 
cloned and assembled in pUC using the strategy of assembly sites flanked by cloning sites. The final 
expression plasmid was constructed in the pBR322 vector by a 3-part ligation using the sites Sspl, EcoRI. 
5 and Pstl (see Figure 10B). Intermediate DNA fragments and assembled genes were sequenced by the 
dideoxy method. 

Fusion Protein Expression : 

w Single-chain protein was expressed as a fusion protein. The MLE leader gene (Fig. 10A) was derived 
from E. coli trp LE sequence and expressed under the control of a synthetic trp promoter and operator. E. 
coli strain~JM83 was transformed with the expression plasmid and protein expression was induced in M9 
minimal medium by addition of indoleacrylic acid (10 ug/ml) at a cell density with Aeoo = 1. The high 
expression levels of the fusion protein resulted in its accumulation as insoluble protein granules, which were 

75 harvested from cell paste (Figure 1 1 , Lane 1). 

Fusion Protein Cleavage : 

The MLE leader was removed from the binding site protein by acid cleavage of the Asp-Pro peptide 
20 bond engineered at the junction of the MLE and binding site sequences. The washed protein granules 
containing the fusion protein were cleaved in 6 M guanidine-HCI + 10% acetic acid, pH 2.5, incubated at 
37 *C for 96 hrs. The reaction was stopped through precipitation by addition of a 10-fold excess of ethanol 
with overnight incubation at -20 'C, followed by centrifugation and storage at -20 'C until further purification 
(Figure 11, Lane 2). 

25 

Protein Purification : 

The acid cleaved binding site was separated from remaining intact fused protein species by chromatog- 
raphy on DEAE® cellulose. The precipitate obtained from the cleavage mixture was redissolved in 6 M 

30 guanidine-HCI + 0.2 M Tris-HCI, pH 8.2, + 0.1 M 2-mercaptoethanol and dialyzed exhaustively against 6 
M urea + 2.5 mM Tris-HCI, pH 7.5, + 1 mM EDTA. 2-Mercaptoethanol was added to a final concentration 
of 0.1 M, the solution was incubated for 2 hrs at room temperature and loaded onto a 2.5 X 45 cm column 
of DEAE cellulose (Whatman DE 52), equilibrated with 6 M urea + 2.5 mM Tris-HCI + 1 mM EDTA, pH 
7.5. The intact fusion protein bound weakly to the DE 52 column such that its elution was retarded relative 

35 to that of the binding protein. The first protein fractions which eluted from the column after loading and 
washing with urea buffer contained BABS protein devoid of intact fusion protein. Later fractions contami- 
nated with some fused protein were pooled, rechromatographed on DE 52, and recovered single chain 
binding protein combined with other purified protein into a single pool (Figure 1 1 , Lane 3). 

40 Refolding : 

The 26-10 binding site mimic was refolded as follows: the DE 52 pool, disposed in 6 M urea + 2.5 mM 
Tris-HCI + 1 mM EDTA, was adjusted to pH 8 and reduced with 0.1 M 2-mercaptoethanol at 37 *C for 90 
min. This was diluted at least 100-fold with 0.01 M sodium acetate, pH 5.5, to a concentration below 10 
45 ug/ml and dialyzed at 4 • C for 2 days against acetate buffer. 

Affinity Chromatography : 

Purification of active binding protein by affinity chromatography at 4*C on a ouabain-amine- 
50 Sepharose® column was performed. The dilute solution of refolded protein was loaded directly onto a pair 
of tandem columns, each containing 3 ml of resin equilibrated with the 0.01 M acetate buffer, pH 5.5. The 
columns were washed individually with an excess of the acetate buffer, and then by sequential additions of 
5 ml each of 1 M NaCI, 20 mM ouabain, and 3 M potassium thiocyanate dissolved in the acetate buffer, 
interspersed with acetate buffer washes. Since digoxin binding activity was still present in the eluate, the 
55 eluate was pooled and concentrated 20-fold by ultrafiltration (PM 10 membrane, 200 ml concentrator; 
Amicon), reapplied to the affinity columns, and eluted as described. Fractions with significant absorbance at 
280 nm were pooled and dialyzed against PBSA or the above acetate buffer. The amounts of protein in the 
DE 52 and ouabain-Sepharose® pools were quantitated by amino acid analysis following dialysis against 
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0.01 M acetate 



buffer. The results are shown below in Table 1. 

TABLE 1 



10 



75 



20 



25 



30 



Step 



Estimatg d Yields ol BABS Prot ein During Purification 
Wet wt. Per I I mg protein I Cleavage yield (%) prior step 



Cell paste 

Fusion protein Granules 
Acid Cleavage/DE 52 pool 
Ouabain-Sepharose pool 



12.0 g 
2.3 g 



1440.0 mg a 
480.0 mg 8b 
144.0 mg 
18.1 mg 



100.0% 
38.0 e 
12.6 d 



Yield relative to 
fusion protein 



100.0% 
38.0 e 
4.7 e 



^Determined by Lowry protein analysis 
^Determined by absorbance measurements 

coetermined by amino acid analysis soecif|CaIly eIut ed from ouabain-Sepharose® relative 

epftrcentaoe yield calculated on a molar basis 



SegjenceAn^ of Gene and Protein: 



35 



40 



jUPUUP r ."v. f __ 

The comp,ete gene was -enced ^ 
confirmed the gene was ^ r «^S^Sp«Wn (residues 1-40), as well as on two 
cing. Automated Edman degr adafion was conducted o n m P ^ ^ ^ ^ 
major CNBr fragments (res.dues 108-129 and 140- 159 1 wt B iosystems. Foster City. CA^ 

wrth a Mode. 120A on-line t^^y^^^^lJ^ 9- wi,h M ™ 

ss«cxasr-s: — — - - - - — 

Specificity Determination : 

„ ,_ u . .k a rars were assessed by radioimmunoassay- Wells of 
Specificities of anti-digoxin 26-10 Fab ^^^ST^b fragment (ICN ImmunoBiologicals. 
nVicrcL plates were coated with «Z*^E££££ wash'ed and blocked with 1% horse 
Lisle. IL) at 10 ugftnl in PBSA overrcght at 4 C. After the p pBSA or Qm M SQd 

serum in PBSA. solutions (50 ul) ™ hfS at room tem perature. After unbound 

acetate at P H 5.5 were added to ^JJ?^ of concentrations of cardiac glycosides 

antibody fragment was washed from the wells ,25 * *a s d 
(10-' to 10-" M in PBSA) were added. The card«c = ddUion oi ^.digoxin (25 

digoxigenin. digitoxigenin. gitoxin. ouabain « ace.y JJJ^^J,*. were incu bated overnight at 
Ul 5M00 cpm; Cambridge Diagnost.cs B.llenca MA) to each we. . P re|atjve {Qr each 

i.e. washed and counted. Thejnhibjon curves „ plotted .« -gu ^ ^ .^.^ by 

digoxin analogue were ca.cu.ated by **« t»o ^ 50 % Sbition. There is a disp.acement of inhibition 
concentration of digoxin (or ^^^J^ J, observed for 26-10 Fab. because less active 
curves for the BABS to lower glycoside <*™^^JT^ was adde d to the BABS in 0.01 M sod.um 
BABS than 26-10 Fab was bound to *e plate. When a2^ ™Z*2 Fab coating on the plate. This caused 
acetate. pH 5.5. more active sFv was ^^^^S^^SLm. closer to the position of those for 
the BABS inhibition curves to shift toward higher 9^ S 'J conce ^ ^ a|Qne 

V^S^SZ ISSSSSS giving 5 0 % inhibition o, -.-digoxin binding, 
are shown in Table 2. 

55 
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TABLE 2 



26-10 Antibody Species 
Fab 


Normalizing Glycoside 

Digoxin 
Digoxigenin 


D 

1.0 
0.9 


DG 

1.2 
1.0 


DO 

0.9 
0.8 


DOG 

1.0 
0.9 


A-S 

1.3 
1.1 


G 

9.6 
8.1 


O 

15 
13 


BABS 


Digoxin 
j Digoxigenin 


1.0 
0.1 


7.3 
1.0 


2.0 
0.3 


2.6 
0.4 


5.9 
0.8 


62 
8.5 


150 
21 







DG = Digoxigenin 

DO = Digitoxin 

DOG = Digitoxigenin 

A-S = Acetyl Strophanthidin 

G = Gitoxin 

O = Ouabain 
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30 



20 Affinity Determination: 

Msocia « 0 n chants were measured by equilibrium *n ding ^£^^^Z 
ments. 100 U. o, ^-digoxin (New Er, an udear ^eventration. A«er 2 -3 hrs a, 

10"" M) were added to 100 ul of 26 iu ra D or u aridi , ion 0 f 100 Ul goat antiserum to 

incubation at room temperature, the protein was Zi ami-goat IgG OCN 

murine Fab fragment (.CN Immuno^ j° (Sigma , Fo „owing 2 hrs at 

ImmunoBiologicals), and 50 itl of a 10/. suspen sior M (Vacuum Filtration 

4-C. bound and free antigen were separated by vacuum on glass fiber ^ 
Manifold. Miliipore. Bedford, MA). Filter d.sks were Jen counted Nn 5 ml of sen ^ 
150 0 Tri-Carb Liquid Sci = -^^^S,^^ "Sing LIGAND, a non- 
calculated from Scatchard analyses of the " n ^" s ' or ^° 8 calculated by Sips plots and binding 
.inear curve fitting program . M on mass act, . K^we J> ^» data are plotted 

isotherms shown .n F.gure 13A for the ^ ^ j*" A the unbound digoxin concentration, and the 

as the concentration of ^^^JtS^ SS*> saturation. These binding data are 
dissociation constant is est.mated from ^^^^ ft 9 ablM as me binding isotherm but with 
also plotted in linear form as Sips plots (inset) having _the same ab c ss ^ 
the ordinate representing log r/(n-r). def. "ed below The w W 'J^ whefe , , s moles of 
calculated from the modified S.ps equation (39). log (r n r) - a log ^ 3 number Qf 

digoxin bound per mole of antibody at an unbound d.goxin concentration equa . which 
moles of digoxin bound at saturation of the J^J^J^^JSin consL K, Least 
describes the distribution of association conste nts a ^ ^ J^toT^^ , or the ,i nes obtained were 
SS KWa^™ *E 22S ^^association constants are shown 
below in Table 3. 

TABLE 3 
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55 



Method of Data Analysis 


Association Constant, Ko 


Ko (BABS), M' 1 


(Fab), M" 1 


Scatchard plot 
Sips plot 
Binding isotherm 


(3.2 t 0.9) X10 7 
2.6 X10 7 
5.2 X10 7 


(1.9 £ 0.2) X 10 8 
1.8X 10 8 
3.3 X 10 8 
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III. Synthesis of a Multifunctional Protein 

A nucleic acid sequence encoding the single chain binding site described above was fused with a 
sequence encoding the FB fragment of protein A as a leader to function as a second active region. As a 
5 spacer, the native amino acids comprising the last 1 1 amino acids of the FB fragment bonded to an Asp- 
Pro dilute acid cleavage site was employed. The FB binding domain of the FB consists of the immediately 
preceding 43 amino acids which assume a helical configuration (see Fig. 2B). 

The gene fragments are synthesized using a Biosearch DNA Model 8600 Synthesizer as described 
above. Synthetic oligonucleotides are cloned according to established protocol described above using the 
10 pUC8 vector transfected into E. coli. The completed fused gene set forth in Figure 6A is then expressed in 
E. coli. 

After sonication, inclusion bodies were collected by centrifugation, and dissolved in 6 M guanidine 
hydrochloride (GuHCI), 0.2 M Tris, and 0.1 M 2-mercaptoethanol (BME), pH 8.2. The protein was denatured 
and reduced in the solvent overnight at room temperature. Size exclusion chromatography was used to 

J5 purify fusion protein from the inclusion bodies. A Sepharose 4B column (1 .5 X 80 cm) was run in a solvent 
of 6 M GuHCI and 0.01 M NaOAc, pH 4.75. The protein solution was applied to the column at room 
temperature in 0.5-1.0 ml amounts. Fractions were collected and precipitated with cold ethanol. These were 
run on SDS gels, and fractions rich in the recombinant protein (approximately 34,000 D) were pooled. This 
offers a simple first step for cleaning up inclusion body preparations without suffering significant proteolytic 

20 degradation. 

For refolding, the protein was dialyzed against 100 ml of the same GuHCI-Tris-BME solution, and 
dialysate was diluted 11 -fold over two days to 0.55 M GuHCI, 0.01 M Tris, and 0.01 M BME. The dialysis 
sacks were then transferred to 0.01 M NaCI, and the protein was dialyzed exhaustively before being 
assayed by RIA's for binding of 125 l-labelled digoxin. The refolding procedure can be simplified by making a 
25 rapid dilution with water to reduce the GuHCI concentration to 1.1 M, and then dialyzing against phosphate 
buffered saline (0.15 M NaCI, 0.05 M potassium phosphate, pH 7, containing 0.03% NaN 3 ), so that it is free 
of any GuHCI within 12 hours. Product of both types of preparation showed binding activity, as indicated in 
Figure 7A. 

30 Demonstration of Bifunctionality : 

This protein with an FB leader and a fused BABS is Afunctional; the BABS can bind the antigen and 
the FB can bind the Fc regions of immunoglobulins. To demonstrate this dual and simultaneous activity 
several radioimmunoassays were performed. 

35 Properties of the binding site were probed by a modification of an assay developed by Mudgett-Hunter 
et al. (J. Immunol. (1982) 129:1165-1172; Molec. Immunol. (1985) 22:477-488), so that it could be run on 
microliter plates as a solid phase sandwich assay. Binding data were collected using goat anti-murine Fab 
antisera (gAmFab) as the primary antibody that initially coats the wells of the plate. These are polyclonal 
antisera which recognize epitopes that appear to reside mostly on framework regions. The samples of 

40 interest are next added to the coated wells and incubated with the gAmFab, which binds species that 
exhibit appropriate antigenic sites. After washing away unbound protein, the wells are exposed to 125 1- 
labelled (radioiodinated) digoxin conjugates, either as ,25 l-dig-BSA or 125 l-dig-ly sine. 

The data are plotted in Figure 7A, which shows the results of a dilution curve experiment in which the 
parent 26-10 antibody was included as a control. The sites were probed with ,25 l-dig-BSA as described 

45 above, with a series of dilutions prepared from initial stock solutions, including both the slowly refolded (1 ) 
and fast diluted/quickly refolded (2) single chain proteins. The parallelism between all three dilution curves 
indicates that gAmFab binding regions on the BABS molecule are essentially the same as on the Fv of 
authentic 26-10 antibody, i.e., the surface epitopes appear to be the same for both proteins. 

The sensitivity of these assays is such that binding affinity of the Fv for digoxin must be at least 10 6 . 

so Experimental data on digoxin binding yielded binding constants in the range of 10 8 to 10 9 M~\ The parent 
26-10 antibody has an affinity of 5.4 X 10 9 M" 1 . Inhibition assays also indicate the binding of 125 l-dig-ly sine, 
and can be inhibited by unlabelled digoxin, digoxigenin, digitoxin, digitoxigenin, gitoxin, acetyl strophan- 
thidin, and ouabain in a way largely parallel to the parent 26-10 Fab. This indicates that the specificity of the 
biosynthetic protein is substantially identical to the original monoclonal. 

55 In a second type of assay, Digoxin-BSA is used to coat microtiter plates. Renatured BABS (FB-BABS) 
is added to the coated plates so that only molecules that have a competent binding site can stick to the 
plate. 125 l-labelled rabbit IgG (radioligand) is mixed with bound FB-BABS on the plates. Bound radioactivity 
reflects the interation of IgG with the FB domain of the BABS, and the specificity of this binding is 
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demonstrated by its inhibition with increasing amounts of FB, Protein A, rabbit IgG, lgG2a, and lgG1, as 
shown in Figure 7B. 

The following species were tested in order to demonstrate authentic binding: uniabelled rabbit IgG and 
lgG2a monoclonal antibody (which binds competiviely to the FB domain of the BABS); and protein A and 
s FB (which bind competively to the radioligand). As shown in Figure 7B, these species are found to 
completely inhibit radioligand binding, as expected. A monoclonal antibody of the IgGI subclass binds 
poorly to the FB, as expected, inhibiting only about 34% of the radioligand from binding. These data 
indicate that the BABS domain and the FB domain have independent activity. 

10 IV. OTHER CONSTRUCTS 

Other BABS-containing protein constructed according to the invention expressible in E. coli and other 
host cells as described above are set forth in the drawing. These proteins may be bifunctional or 
multifunctional. Each construct includes a single chain BABS linked via a spacer sequence to an effector 

t5 molecule comprising amino acids encoding a biologically active effector protein such as an enzyme, 
receptor, toxin, or growth factor. Some examples of such constructs shown in the drawing include proteins 
comprising epidermal growth factor (EGF) (Figure 15A), streptavidin (Figure 15B), tumor necrosis factor 
(TNF) (Figure 15C), calmodulin (Figure 15D) the beta chain of platelet derived growth factor (B-PDGF) (15E) 
ricin A (15F), interleukin 2 (15G) and FB dimer (15H). Each is used as a trailer and is connected to a 

20 preselected BABS via a spacer (Gly-Ser-Gly) encoded by DNA defining a Bam HI restriction site. Additional 
amino acids may be added to the spacer for empirical refinement of the construct if necessary by opening 
up the Bam Hi site and inserting an oligonucleotide of a desired length having BamHI sticky ends. Each 
gene also terminates with a Pstl site to facilitate insertion into a suitable expression vector. 

The BABS of the EGF and PDGF constructs may be, for example, specific for fibrin so that the EGF or 

25 PDGF is delivered to the site of a wound. The BABS for TNF and ricin A may be specific to a tumor 
antigen, e.g., CEA, to produce a construct useful in cancer therapy. The calmodulin construct binds 
radioactive ions and other metal ions. Its BABS may be specific, for example, to fibrin or a tumor antigen, 
so that it can be used as an imaging agent to locate a thrombus or tumor. The streptavadin construct binds 
with biotin with very high affinity. The biotin may be labeled with a remotely detectable ion for imaging 

30 purposes. Alternatively, the biotin may be immobilized on an affinity matrix or solid support. The BABS- 
streptavidin protein could then be bound to the matrix or support for affinity chromatography or solid phase 
immunoassay. The interleukin-2 construct could be linked, for example, to a BABS specific for a T-cell 
surface antigen. The FB-FB dimer binds to Fc, and could be used with a BABS in an immunoassay or 
affinity purification procedure linked to a solid phase through immobilized immunoglobulin. 

35 Figure 14 exemplifies a multifunctional protein having an effector segment as a leader. It comprises an 
FB-FB dimer linked through its C-terminal via an Asp-Pro dipeptide to a BABS of choice. It functions in a 
way very similar to the construct of Fig. 15H. The dimer binds avidly to the Fc portion of immunoglobulin. 
This type of construct can accordingly also be used in affinity chromatography, solid phase immunoassay, 
and in therapeutic contexts where coupling of immunoglobulins to another epitope is desired. 

40 In view of the foregoing, it should be apparent that the invention is unlimited with respect to the specific 
types of BABS and effector proteins to be linked. Accordingly, other embodiments are within the following 
claims. 

Claims 

45 

1. A single chain multi-functional biosynthetic protein expressed from a single gene derived by recom- 
binant DNA techniques, said protein comprising: 

a biosynthetic antibody binding site capable of binding to a preselected antigenic determinant and 
comprising an amino acid sequence homologous with the sequence of a variable region of an 
so immunoglobulin molecule capable of binding said preselected antigenic determinant, 

a first biofunctional domain comprising a polypeptide selected from the group consisting of effector 
proteins having a conformation suitable for biological activity in mammals, amino acid sequences 
capable of sequestering an ion, and amino acid sequences capable of selective binding to a solid 
support, and 

55 a first polypeptide linker disposed between said binding site and said first biofunctional domain, 

wherein said polypeptide linker comprises plural, hydrophilic, peptide-bonded amino acids and which 
defines a polypeptide which connects the C-terminal end of said binding site and the N-terminal end of 
said first biofunctional domain or the N-terminal end of said binding site and the C-terminal end of said 
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an ion, or selectively binding a solid support. 

L - ~«r«rvic««s at least two binding domains peptide 

The protein of c.aim 1 wherein sa, d ^ n ^ C ^ e V^oLns. wherein said second 
bonded by a second polypept.de l.nker d.sposed adds ^ wnicn defines a 

polypeptide linker comprises plural, hydroph.l.c W^J^n the C-terminal end of one of said 

preselected antigenic determinant. 

second, distinct immunoglobulin. 

mone, a remotely detectable moiety, or anti-metabolite. 

aspartic acid, lysine, and arginine. 

sequence, streptavidin, or a fragment of Staphylococcus prote.n A. 

8. The protein of c.aim 2 comprising a plurality o^sy^^ ^ sites, each binding site 
comprising two said binding domains connected by a po.ypept.de l.nker. 

9. A DNA encoding the protein of claim 1 . 

10. A host cell harboring and capable of expressing the DNA of claim 9. 
„. A single po.ypepf.de chain comprising: ^^g*^ 

r ItZZSXS. each of sa. Polypes domains 

binding with said preselected antigen. 

«*iT«L*< cor sxw.™*. ». » «— l ™ 

munoglobulin. 
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a set of FR amino acid sequences linked to said set of CDR sequences, wherein said FR ammo 
arid seouences are homologous to sequences obtained from a second .mmunoglobulm. and 

£fw£ sets o, CDR and Fr amino acid sequences together defining a ch.rn.nc 
variSe Ending polypeptide which, when disposed in aqueous solution, assumes a tertiary 

structure suitable for immunological binding with said preselected antigen. 

sequences obtained from a human immunog.bulin and 
the OTR sequences are homologous with sequences obtained from a munne .mmunoglobul.n. 

^ u ^ nnri? whprein said pair of polypeptide domains are peptide bonded 

SSS5S ™ SS3T STJS === S« 

cont.gu at.on m aq . , h N . termina | en d of said binding site and the C- 

T^t 1 of^aid ^ bXSly aSve domain, whereupon said binding polypeptide assumes a 
3££ ISe f^S arS said bio.ogica.ry active domain assumes a conformation suitab.e 
for biological activity, sequestering an ion. or selectively binding a solid support. 

Patentanspruche 

1 Einzelkettiges multifunktJone.ies biosynthetisches Protein das durch eh, durch rekombinante DNA- 



annimmt. 
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3. 



o , •„ n a rh An^nmrh 1 wobei die Bindungsstelle mindestens zwei Bindungsdomanen autweist. die 
H^»S?S^S^ Peptldgebunden sind, der zwischen den Domanen angeordnet * 
Si rzw™rPo.y P ep«d.inker mehrere hydrophile peptidgebundene Aminosauren aufwe.st und em 
Septid^i einer ausreichenden Lange zur Oberbruckung des Abstandes zwischen dem C- 
terSen SL einer der Bindungsdomanen und dem N-termina.en Ende der an eren der Bindungs- 
domaTn definiert. wenn das Bindungsprotein eine zur Bindung geeignete Konformahon e.nn.mmt. 
wenn es in waBrige Losung gebracht wird. 

Protein nach Anspruch 2, wobei die Aminosauresequenz ieder der Bindungsdomanen einen Satz von 
cnS aufweisT Sie zwischen einem Satz von FRs angeordnet sind. we.che jeweils en^prechend 
homolog I Tcmt Z FRs einer variab.en Region eines .mmunglobu.inmolekuis s.nd. das d.e 
vorgewahlte antigene Determinante binden kann. 

ProtPin nach Anspruch 2 wobei mindestens eine der Bindungsdomanen einen Satz von CDRs, die zu 
dLnToR^ »mmunglobu,ins homolog sind, und einen Satz von FRs. die zu den FRs e.nes 

zweiten, verschiedenen Immunglobuiins homolog s.nd, aufwe.st. 
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5. Protein nach Anspruch 1 oder 2, wobei es sich bei dem Effektorprotein um ein Enzym, ein Toxin, einen 
Rezeptor, eine Bindungsstelle, eine biosynthetische Antikorperbindungsstelle, einen Wachstumsfaktor, 
einen Zelldifferenzierungsfaktor, ein Lymphokin, ein Cytokin, ein Hormon, einen indirekt nachweisbaren 
Rest oder einen Antimetaboliten handelt. 

6. Protein nach Anspruch 1 oder 2, wobei es sich bei der ein Ion maskierenden Sequenz um Calmodulin, 
Methallothionein. ein Fragment davon oder um eine Aminosauresequenz, die zumindest reich an einer 
der Aminosauren Glutaminsaure, Asparaginsaure, Lysin und Arginin ist, handelt. 

7. Protein nach Anspruch 1 oder 2, wobei es sich bei der selektiv an einen festen Trager bindenden 
Polypeptidsequenz um eine positiv oder negativ geladene Aminosauresequenz, eine cysteinhaltige 
Aminosauresequenz, Streptavidin oder ein Fragment von Protein A aus Staphylococcus handelt. 

a Protein nach Anspruch 2, das eine Vielzahl von biosynthetischen Antikorperbindungsstellen aufweist, 
wobei jede Bindungsstelle zwei der durch einen Polypeptidlinker verbunden Bindungsdomanen auf- 
weist. 

9. DNA, die das Protein nach Anspruch 1 codiert. 

10. Wirtzelle, welche die DNA nach Anspruch 9 enthalt und exprimieren kann. 

11. Polypeptideinzelkette, die aufweist: 

ein Paar Polypeptiddomanen, die zusammen eine Bindungsstelle fur ein vorgewahites Antigen definie- 
ren und uber einen Polypeptidlinker mit dem C-Terminus der einen an den N-Terminus der anderen 
gebunden sind, wobei die Aminosauresequenz jeder der Polypeptiddomanen eine variable Region 
eines Immunglobulins nachahmt und mindestens eine der Domanen aufweist: 

einen Satz CDR-Aminosauresequenzen, die zusammen eine Erkennungsstelle fur das vorgewahlte 
Antigen definieren, wobei es sich bei den CDR-Sequenzen um nichtmenschliche Sequenzen handelt, 
einen Satz FR-Aminosauresequenzen, die an den Satz CDR-Sequenzen gebunden sind, wobei die FR- 
Aminosauresequenzen zu aus einem menschlichen Immunglobulin erhaltenen Sequenzen homolog 
sind, 

wobei die gebundenen Satze CDR- und FR-Aminosauresequenzen zusammen eine chimare Bindungs- 
domane definieren, die in waBriger Losung eine zur immunologischen Bindung mit dem vorgewahlten 
Antigen geeignete Tertiarstruktur annimmt. 

12. Polypeptideinzelkette, die aufweist: 

ein Paar Polypeptiddomanen, die eine Bindungsstelle fur ein vorgewahites Antigen definieren und 
durch einen Polypeptidlinker verbunden sind, der den Abstand zwischen dem C-Terminus der einen 
und dem N-Terminus der anderen uberbruckt, wobei die Aminosauresequenz mindestens einer der 
Polypeptdiddomanen eine rekombinierte variable Region enthalt, die aufweist: 

einen Satz CDR-Aminosauresequenzen, die zusammen eine- Erkennungsstelle fur das vorgewahlte 
Antigen definieren, wobei die CDR-Sequenzen zu aus einem ersten Immunglobulin erhaltenen Sequen- 
zen homolog sind, 

einen Satz FR-Aminosauresequenzen, die an den Satz CDR-Sequenzen gebunden sind, wobei die FR- 
Aminosauresequenzen zu aus einem zweiten Immunglobulin erhaltenenen Sequenzen homolog sind, 
wobei die gebundenen Satze CDR- und FR-Aminosauresequenzen zusammen ein chimares Einzelket- 
tenbindungspolypeptid mit variabler Region definieren, das in waBriger Losung eine zur immunologi- 
schen Bindung mit dem vorgewahlten Antigen geeignete Tertiarstruktur annimmt. 

13. Polypeptidkette nach Anspruch 12, wobei die FR-Sequenzen zu aus einem menschlichen Immunglobu- 
lin erhaltenen Sequenzen homolog sind und die CDR-Sequenzen zu aus einem Mause-lmmunglobulin 
erhaltenen Sequenzen homolog sind. 

14. Polypeptidkette nach Anspruch 11 oder 12, wobei das Paar Polypeptiddomanen an eine biologisch 
aktive Domane peptidgebunden ist, und zwar uber einen zweiten Polypeptidlinker, der zwischen dem 
Bindungspolypeptid und der biologisch aktiven Domane angeordnet ist, wobei der zweite Polypeptidlin- 
ker mehrere hydrophile peptidgebundene Aminosauren aufweist, die zusammen in waBriger Losung 
eine unstrukturierte Polypeptidkonfiguration annehmen, und das C-terminale Ende der Bindungsstelle 
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und das N-terminale Ende der biologisch aktiven Domane oder das N-terminale Ende der Bindungsstel- 
le und das C-terminale Ende der biologisch aktiven Domane verbindet, wodurch das Bindungspolypep- 
tid eine zur Bindung geeignete Konformation annimmt und die biologisch aktive Domane eine fur die 
biologische Aktivitat, zur Maskierung eines Ions oder zur selektiven Bindung eines festen Tragers 
geeignete Konformation annimmt. 

Revendications 

1. Une proline biosynthetique multifonctionnelle a chatne unique, exprimee a partir d'un gene unique 
derive par des techniques d'ADN recombinant, ladite proteine comprenant: 

un site de liaison d'un anticorps biosynthetique capable de se Her a un determinant antigenique 
pr^selectionne et comprenant une sequence d'acides amines homologue a la sequence d'une region 
variable d'une molecule d'immunoglobuline capable de lier ledit determinant antigenique preselection- 
n§, 

un premier domaine biofonctionnel comprenant un polypeptide s£lectionne dans le groupe consis- 
tant en des proteines effectrices ayant une conformation appropriee pour une activite biologique chez 
des mammiferes, des sequences d'acides amines capables de s^questrer un ion et des sequences 
d'acides amines capables de se lier selectivement a un support solide, et 

un premier polypeptide de jonction dispose entre ledit site de liaison et ledit premier domaine 
biofonctionnel , ou ledit polypeptide de jonction comprend des acides amines multiples, hydrophiles, 
relies en un peptide et qui detinit un polypeptide qui relie I'extremite C-terminale dudit site de liaison et 
1'extremite N-terminale dudit premier domaine biofonctionnel ou I'extremite N-terminale dudit site de 
liaison et I'extremite C-terminale dudit premier domaine biofonctionnel, apres quoi ladite proteine de 
liaison adopte une conformation appropriee pour la liaison et ledit premier domaine biofonctionnel 
adopte une conformation appropriee pour une activite biologique. la sequestration d'un ion ou la liaison 
selective a un support solide. 

2. La proteine de la revendication 1, dans laquelle ledit site de liaison comprend au moins deux domaines 
de liaison relies en un peptide par un second polypeptide de jonction dispose entre lesdits domaines, 
ou ledit second polypeptide de jonction comprend des acides amines multiples, hydrophiles, relies en 
un peptide et qui definit un polypeptide d'une longueur suffisante pour franchir ia distance s'eparant 
I'extremite C-terminale de I'un desdits domaines de liaison de I'extremite N-terminale de I'autre desdits 
domaines de liaison, quand ladite proteine de liaison adopte une conformation appropriee pour la 
liaison . quand elle est placee en solution aqueuse. 

3. La proteine de la revendication 2, dans laquelle la sequence d'acides amines de chacun desdits 
domaines de liaison comprend un jeu de CDR interpose entre un jeu de FR, chacun d'entre aux etant 
respectivement homologue aux CDR et FR de ladite region variable d'une molecule d'immunoglobuline 
capable de lier ledit determinant antigenique preseiectionne. 

4. La proteine de la revendication 2, dans laquelle au moins un desdits domaines de liaison comprend un 
jeu de CDR en question, homologue aux CDR de la premiere immunogtobuline et un jeu de FR 
homologue aux FR d'une seconde immunoglobuline distincte. 

5. La proteine de la revendication 1 ou 2, dans laquelle ladite proteine effectrice est une enzyme, une 
toxine, un recepteur, un site de liaison, un site de liaison d'un anticorps biosynthetique. un facteur de 
croissance, un facteur de differentiation cellulaire, une lymphokine. une cytokine, une hormone, un 
fragment detectable a distance ou un anti-metabolite. 

6. La proteine de la revendication 1 ou 2, dans laquelle ladite sequence capable de sequestrer un ion est 
la calmoduline. la metallothioneine, un fragment de celles-ci ou une sequence d'acides amines riche en 
au moins Tun d'entre les acide glutamique, acide aspartique, lysine et arginine. 

7. La proteine de la revendication 1 ou 2, dans laquelle ladite sequence polypeptidique capable de se Iter 
selectivement a un support solide est une sequence d'acides amines chargee positivement ou 
negativement, une sequence d'acides amines contenant de la cysteine, la streptavidine ou un fragment 
de la proteine A de Staphylococcus . 



26 



EP 0 318 554 B1 



a La proteine de la revendication 2 comprenant une plurality de sites de liaison d'un anticorps 
biosynth£tiques, chaque site de liaison comprenant deux desdits domaines de liaison relief par un 
polypeptide de jonction. 

5 9. Un ADN codant pour la proteine de la revendication 1 . 

10. Une cellule note renfermant et etant capable d'exprimer I'ADN de la revendication 9. 

11. Une chaTne polypeptidique unique comprenant: 

10 une paire de domaines polypeptidiques definissant ensemble un site pour la liaison a un antigene 

preseMectionne' et 6tant joints par I'intermediaire du C-terminal de Tun et du N-terminal de I'autre, par 
un polypeptide de jonction, ou la sequence d'acides amines de chacun desdits domaines polypeptidi- 
ques mime une region variable d'une immunoglobuline et au moins un desdits domaines comprend: 
un jeu de sequences d'acides amines CDR d£finissant ensemble un site de reconnaissance pour 
is ledit antigene prgse* lection ne\ dans leque! lesdites sequences CDR sont des sequences non-humaines, 
un jeu de sequences d'acides amines FR reli§es audit jeu de sequences CDR, dans lequel lesdites 
sequences d'acides amines FR sont homologues aux sequences obtenues a partir d'une immunoglobu- 
line humaine, et 

lesdits jeux relics de sequences d' acides amines CDR et FR defintssant ensemble un domaine de 
20 liaison chim6rique qui, quand il est place en solution aqueuse, adopte une structure tertiaire appropriee 
pour une liaison immunologique avec ledit antigene pr£s£lectionne\ 

12. Une chaTne polypeptidique unique comprenant: 

une paire de domaines polypeptidiques definissant un site pour la liaison a un antigene preseMec- 
25 tionne, relics par un polypeptide de jonction franchissant la distance separant le C-terminal de Tun du 
N-terminal de I'autre, dans laquelle la sequence d'acides amines de au moins un desdits domaines 
polypeptidiques comprend une region variable recombinante comprenant: 

un jeu de sequences d'acides amines CDR definissant ensemble un site de reconnaissance pour 
ledit antigene preseiectionne, dans lequel lesdites sequences CDR sont homologues aux sequences 
30 obtenues a partir d'une premiere immunoglobuline, 

un jeu de sequences d'acides amines FR, relie audit jeu de sequences CDR, dans lequel lesdites 
sequences d'acides amines FR sont homologues aux sequences obtenues a partir d'une seconde 
immunoglobuline, et 

lesdits jeux relics de sequences d'acides amines CDR et FR detinissent ensemble un polypeptide 
35 de liaison d'une region variable, a chaTne unique, chimerique, qui, quand il est place en solution 
aqueuse, adopte une structure tertiaire appropriee pour une liaison immunologique avec ledit antigene 
preseMectionne. 

13. La chaTne polypeptidique de la revendication 12, dans laquelle les sequences FR sont homologues aux 
40 sequences obtenues a partir d'une immunoglobuline humaine et les sequences CDR sont homologues 

aux sequences obtenues a partir d'une immunoglobuline murine. 

14. La chaTne polypeptidique de la revendication 11 ou 12, dans laquelle ladite paire de domaines 
polypeptidiques est un peptide relie a un domaine biologiquement actif, par Pintermediaire d'un second 

45 polypeptide de jonction dispose* entre ledit polypeptide de liaison et ledit domaine biologiquement actif, 
dans laquelle ledit second polypeptide de jonction comprend des acides amines multiples, hydrophiles, 
relies en un peptide, qui, ensemble, adoptent une configuration polypeptidique non-structuree, en 
solution aqueuse et relient I'extremite C-terminale dudit site de liaison et Textremite N-terminale dudit 
domaine biologiquement actif ou I'extremite N-terminale dudit site de liaison et I'extremite C-terminale 

50 dudit domaine biologiquement actif, apres quoi ledit polypeptide de liaison adopte une conformation 
appropriee pour la liaison et ledit domaine biologiquement actif adopte une conformation appropriee 
pour une activite* biologique, la sequestration d'un ion ou la liaison selective a un support solide. 
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10 



20 30 «0 50 60 TO 

CAITTCCAACTTCAACTCCACCICTCTCCTCCTCIATTCCTTAAACCTCCCCCCTCTCTCCCCATCTCCT 
CluPhtCluValClnL.uClBClnS*rClyProCluLtuV.lLysProCXyAX*SerV.lAr,Mtt5trC 

AauII Bbvl Awtll Ah.II Hh.I 

c co |I F»u«HI Sau96I BanI HlnFI 

T..I ftl EcoRII KitlMl.IIX 

TsqI H..II Fspl 

Hhtl 
HlnPl 
Karl 
HlalV 
ScrFI 
Aey I 



80 90 



ioo no 120 uo no 



ccilATCCTCTCCCTACATTTTC ACCCACTTCTACATCAATTCCCTTCCCC ACTCTC A7GG7A AG7C7C7 
c.crivTvrn^PhtThr AspFheTyrMetAsn TrpVaXArgClnSerHlaClyLyaSerLe 

Rial HphI NXillI BstXI NXiZXX 

150 160 UO 180 190 200 210 

ACACTACATCCCCTACATT7CCCCATACT:TCCCC7TACCCCCTACAACCACAAC7TTAAACCTAAGCCC 
„„ p Tvrfi>civ TvpIltSepFroTyr5er0IyVilThrCl yT Y rAanCXnLy»PheLyaCXyLy»Ala 

I Rsal BaiCXt J>I±I 

tl Hpall 

Haelll 

220 230 2«0 250 260 270 280 

ACCC77AC7C7CCAC AAA7C77CC7CAACTCC77AC A7CCACC7CCC77C777CACC7C7CACCACTCC0 
7hrLeu7hrVaXAapLy3SerSerS e rThrAXaTyrMetCXuLtuArgS«rLtuThrS«rCXuAapStfA 
AccI HboXX AXuI M«X Hlnrxrn 

Hindi MXaXIIBbvI Sac 

SaXX Fnu MH X 

Taql 

200 300 310 320 330 3*0 350 

CCC7ATAC7A77CCCCCCCCTCC7CTCC7A ACAAATCCCCC ATCCA77ACTCCCC7C A70CCCCC7CTC7 

"SalTyrTyrCyiAlaGlySar Sa^^ 

uDII HhalBanll MatXII HatlXX AhaXI Ma 

IIAccl FnuDlT - M !? I TtT 

HinPIKXaXV HXaltl 

S*u96I 
Sty I 



360 370 
7AC7C7A7CC7C A7ACC A7CC 
17hr ViXSerSer'aaAap 
e XI I BamHI 

hx»iv pig*. 

Sau3A 
XhoXX 
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10 20 30* *0 50 60 70 

CAATTCCACCTCCTAATCACCCACACTCCCCTCTCTCTCCCCCTTTCTCTCCCTCACCACCCTTCTATTT 
GXuPhtAspValVaXMetThrGXnThrProLauSarLauProVaXStrLauGXyAspGlnAXaSar XX aS 
EcoRI Attll Hinfl HpaXI BltEII 

Ahall HphI EcoRXX 

Taql ScrFI 
Aeyl HacXIX 
Httll 

BO 90 100 110 . 120 130 140 

CTTGCCGCTCTTCCCACTCTCTGGTCC ATTC7AATGGTAACACTTACCTCAACTGGTACCTCCAAAAGGC 
erCy3 ArgSerSerGXnSerLeuValHlsScr*an0XyAanThr7yr leuA3n7rpTyrLcuGXnlyaAX 
Fnu«KX Avail MaaXII HglEII BanI 

HboIX BatXX *pnl 

Sau96I NXaXV 

Raal 

150 160 1T0 180 190 200 210 
TCCTCACTCTCCCAAOCTTCTCATCTACAAACTCTCTAACCCCTTCTCTCCTCTCCCCCATCCTTTCTCT 
aClvClnStrProLvaLcuLauXXeTyr LyaVaXSerAanArgPheSer CXyVaXProAapArgPhaST 
Alul Sau3A HpaXX 
HlndXXI NclXSau3A 
Scrfl 

220 230 2«0 250 260 270 280 

CCTTCTCCTTCTCCTACTCACTTCACCCTCAACA7CTCTCCTCTCCACCCCCACCATCTCCCTATCTACT 
ClySerCXySerOXyThrAapPheThrLauLyaXXcSerArgVaXCXuAXaCXuAapLauCXyXXtTyrP 
Raal HphI BgXXX TaqXKatXXX Sau3A 

MboII XhoXX 
Sau3A 
Xholl 

290 300 310 320 330 3*0 350 

TCTCCTCTCACACTACTCATCTACCCCCCACCTTCCCCCCTCCCACCAACCTCCACATCAAACCTTCACCATCC 
ntCyaSerCXn ThrThrHlayalProPro ThrPnaCXyCXyCXyThrtyaLcuCXuXXetyaArg^op 

Ddel NXalXX HglEXX BanX AluX Sau3A MaeXI BamHX 

RaaX NXalV Aval NlalV 

TaqX Sau3A 
Xhoj XhoXX 



FlGn. 
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10 20 30 *0 50 60 70 

CAA77CCAAGTTCAACTGCACCAGTC7GG7CGTGAATTGGT7AAACCTCGCCCCTCTGTGCCCATCTCCT 
GXuPheGXuVaXGlnLauGInClnSapGlyPPoCluLauValLyaPpoGIyAIaSaptfalAPgMetSapC 

AauII Bbvl At* I I AhaXI HhaX 

EcoRI FnuHHI Sau96I BanI HinPI 

7aql PatI EcoRII MatXHlalll 

HaaXI FapX 
HhaX 
HinPI 
NarX 
NlaXV 
AeyX 

80 90 100 110 120 130 140 

ccaaatcc?:tccc tacattttcaccaattactacatccattcccttccccactctca tcgtaactctct 

CrTCm AAA At^ATCT AfcGT AACCC A AGCGGTC 
yaLyaSerSerClyTy PI lePheThraanTyrTyrXleMiaTrpvalArgClnSer HI sCXyLyaSerLe 
Raal HphI Fokl BstXI Mlalll Xba 
Ma 

150 160 170 180 190 200 210 

AGAC7AC A7CGGG7G0A7C7ACCCGGG7A A7GG7A ACAC7 AAG7AC7-ACAA7GAGA AC777 AA AGG7AAG 

TGA7G7C7CCCACC7AGA7GGCCCCA77ACCA77G7GA77CA7GA7G77AC7C77GAAA 
uAspTyrllaGlyTrpIlftXyrPPoGlyAsnGlyAanTnpLyaTyrTypAanGluAsnPriftLysGlylys 
X Sau3A Aval HaelXIDdelRsal Oral 

el XftoXX HpaXI Seal 

Nell 
Nell 

Saal 
Xaal 

220 230 240 250 260 270 280 

GCGACCCT7AC7GTCGACAA A7C77CC7CAAC7GC77AC ATGGAGCTGCG77CTTTGACC7C7GAGGAC7 
AlaThPLeuThpValAapLyaSepSepScpThpAla7ypMetGluLauAPgSepLcuThrSepGIuAapS 
Aeel HboII AXuX Ddel Hlnf 

Hindi KlalXIBbvI 
Sail FnuMHI 
TaqX 

290 300 310 320 330 3*0 350 

CCGCGG7A7AC7A7TGCGCGGGC7CC7C7GG7A ACAAAT GGGCCT7CG A7TACTCGGG7C A7GG CGCCTC 

GCAAGC7AATGACCCCAG7ACCGC 
ftp Ala Val7yp7ypCy SAX aGXySepSepGlyAanLya7pp AX apneas plypTppGlyHlaGlyAiaSa 
X Aecl HhalBanll MaaXXX HaeXXI AhaXI 

FnuDII FnuDII Sau96 I7aqI BanX 

SacII HlnPIHXalV *~ " Haall 

HhaX 
HinPI 

360 370 »apl 

TG77AC7G7 A7CC7CA7AGGA7CC NlaHX 
pval7hpValSepSep # am NlaXV 
MaeXIX BamHi Acyl 

"SS. FIG,. 

XhoXI 
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10' 20 30 «0 SO 60 70 

CAATTCCACCTCCTAATCACCCACACTCCCCTCTCTCTCCCCCTTTCTCTCCCTCACCACCCTTCTATTT 
CluPheA3pVilV*XMttThPClnThrProL«u5trL«uf roVtlStPLeuGlyAapClnAlaSaplltS 
EcoRI A*t I I Hlttfl Hpall BatEXI 

Ahall HphI Ecoltll 

TaqI SCPFI 
Acyl Maalll 
HatXX 

80 90 100 110 120 130 140 

CTTCCCCCTCTTCCC ACTCTATTCTCC ACTCTAATCCTAACACTTACCTCCATTCCT AC CTCCAAAACCC 

AACG&CGAGA AGGGTC AG AT A ACACGTGAGATT ACCATTGTGA ATQGACCTA AC 
erCy»ArgSepSerGlnSerIl«valHi3SerAanGlyAsnThrTyrLtuAspTrpTyrLtuGlnLy»Al 
FnuUHl HglAl MaelXI EcoRII BanI 

M&oII ScrFI Kpnl 

HglEII NIHV 

Rial 

150 160 170 180 190 200 210 

TGGTCAGTCTCCCAAGCTTCTCATCTACAAAGTCTCTAACCGCTTCTCTGGTGTCCCGGATCCTTTCTCT 
aGlyGlnSerProLyaLeuLeuIleTyrLysValSerAanArgPheSerGlyValProAspArgPhiStr 
Alul Sau3A Hpall 
Hlndlll NciISau3A 

ScrFI 

220 230 2^0 250 260 270 280 

GOTTCTGCTTCTGCTACTGACTTCACCCTGAAGATCTCTCCTGTCGACGCCGACGATC^ 

GGCTCCTAGACCCATAGATGA 

GlySerGIyStPGlyThrAapPheThrLeuLyalleSapApgValGluAXaGluAapLeuClylltTyrT 
Raal HphI BfXII Taql Haelll Sau3A 

Hboll Xholl 
Sau3A 
XhOlI 

290 300 310 320 330 3*0 350 

ACTGCTTCCAGGGGTCTC ATGTACCGTGGACCTTCGGCGGTCGC ACC AAGC TCGAGATCAAACGTTGAGGATCC 

TCaCgaaggtccccagagtacatggcacctggaagccgccaccctggttcgagct 
ypCysPheGlnGlySepMiavaiProTrpTnpPhtGlyGlyGlyThrLyaHuCIuIleLysArg^op 

EcoRII NlaXII Avail BanI Alul Sau3A Maell BaoHI 

ScpFI Raal Sau96I NIalV Aval NlalV 

HglEII Taql Sau3A 

Xhpl Xholl 
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10 20 30 *0 50 60 70 

CAATTC1TCCAACTACAACTCCAAC11TCTCC0CCCCCTCTCCTACCTCCCTCTCACACTCTCTCCCTCA 
CXuPhtMttCIu?aXCloLtuClnClnStrGlyrroClyLtuValArcProStrClnThrL«uS«rLtuT 
EcoBXHXaXXX ftsal ApalHpaXX Raal DdtXHinfl 

BanTX NaalX Tthllll 

HatXXX 
Neil 
«XalV 
Sau96X 
Sau96I 
ScrFX 

60 90 100 110 120 *30 100 

CTTGTACCGTATCCGGATCCACC77CTC7AAC7ACTACA7CCA77GGG7CCG7CAACCCCCCGG7CGTGG 
hrCysThr ValSerCXy SarThr PhaSer Aan TyrTyr I leHls TrpVaX Ar^Cln Pro ProGXyArgCX 
Rati BaaHJ Fokl Avall HlncII Hpall 

Hpail NXalV Nell 

NXaXV Sau96I SerFT 

Sau3A 
XhoXX 

150 160 170 180 190 200 210 

TCTCCACTCCATCCCTTCCATTTACCCCCCTAATCCTA ACACTA ACT ACTAC A ATC ACAACTTTAAACCC 
vLtuCXuTrpIXtCXy Trp IleTyr ProCl y AsnCl y AsnThr LyaTyrTyr AanGluAanPheLyaGly 
Aval SauSA Aval Mat 1 1 IDde IRaa I Oral N 

TaqI Hpall Seal Sp 

Xhol Hell 

Hell 
ScrFI 

ScrFI 
Saal 
XaaX 

220 230 240 250 260 270 280 

ATCCTCCTC CACACTTCTAACA ACC A ATTCTCTCTCCCTCTCTCTTCTCTTACCCCCCCTC AT ACTCCTC 
Met Leu Val AapThrSerLys AanGlnPheSerLeu Art, Leu Ser Ser ValThr Ala AX a AspThr Ala V 
lalll AecX DdtlXmnl Kfal Mboll Mae 1 1 IFnu <IHI 

nl Hindi BbvII FnuOIl 

SaXI Sacll 

Taql 

290 300 310 320 330 3*0 350 

7CTACTACTCCCCCCCTTCCTCCCCTAATA ACTCCCC ATTTCAT7ACTCCCCCC ACCCCTCTCTCCTCAC 
alTyrTyrCysAXaArt SerSerCl yAan Ly a Trp Ala Phe AapTy r Tr pCl y C InCX y Ser Leu VaXTh 
ftaal BaaHII Hpall HXalV Banll BatEXI 

FnuOIl EcoRII Hphl 

FnuDIt HaelXI Matlll 

Hhal Sau96l 

Hhal ScrFI 
HloPl 

360 370 
CC7ATCCTCTTAACTCCAC 
r Val Ser Ser *oci*uGXn 
Patl 
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10 20 30 »0 50 60 70 

Cl*TTCATCCAATCTOTTCTCACTC*CCCCCCGTCTCT»TCTCCTCCiCCCCCTCA»CCCCTAACTlTCT 
CluPhtH«t01uS«r¥«XLtuThrOli»ProPreS.r»«lSerC>y*I«ProClyCX»Ar,V.lThrIl.S 

X.nl ScpFI SiiHi 

80 90 100 110 120 130 140 

C77GCCC77CC7C7CAC7C7AT7C7CCA77C7A A7GGCAACAC77A7C7GGAA7GG7ACC AAC AAC7GCC 
^CvsArgSe rSerClnScrlleViIHlaSerAanClyAan ThrTvrLeuGluTrpTyrClnClnLeuPr 

— DdTi sirn B» n j »p 

Kpn I He 
HialV Sc 
Rial 

150 160 170 1$0 190 200 210 

CCCCACCCCCCCCAACCTCCTCATCTT7AAACTATCTAATCCCTTCTCTCCCCTACCCCATCCATTCTCT 
^r.iyThPAiaProLvaLtuLauIlePhe lysValSerAan ArgPheScrClyValProAapArgPhtStr 

all FnuOIl Alul Oral R "L,TT il iinfI 

rFI HtnPI FnuUHX V \ 

B.nl T * qI 
MlllV 

220 230 240 250 260 270 280 

C7A7C7AAC7CT0CC7CC7C7CCCAC7C7CCCCA7C AC7CC7C7CCA ACCACAAGA7CACCCCCA77ACT 
V«lS«rLysStrClySepSerAl»7hpLtuAl*lle7hrGlyLeuCXnAlaGloA*pCluAlaAap7yr7 
Ddel KlaXV Bglt SauJA MboII Htelll 

290 300 310 320 330 3*0 350 

AC7G7777CAACGC7C7C A7G7 ACCG7GGACC77CGG7GG7GCCACCAAGC77AC7G7AC7CCG7C AGCC 
v f .c^Ph>ClnGl vSerHl3ValPro7rp7hrPheGly GlyCly7hrLy3Leu7hrValleuAr B GlnPr 
7 1 NlaXXX AvTTl Btnl Alul RsaX Hgal 



Rail Sau96X NlalV Hlndlll 

HciEII 

360 

G7AAC7CCAG f| 
o a oeLtuGln 

PatX 
HatXXI 



35 



EP 0 318 554 B1 



1 7 0 l .k°t 0 s xS.n ami: mmx 

rnu«Hi s»«»6i npxaxxxxx 

HhlX 

HinPI 
HstX 
JJXiXV 
Scrfl 

C Y R 0 S H 6 K S X. OFKCKAT" ^ 

B»nl B»tXl KX»XXI ifeAl ^ Hindi Mnll« 

Kpnl S»XX 

KMX 

X, 



P R-3 



• i 

... »« 0 200 BIO I 220 

Hh»I 

hup: 



215 245 255 265 - 

CCCCATCCCCCTACCCTTXCCCTCXCC7CCTAACCATCC f / G. * 

C M CASVTVSS*CS 
11V H»tX2 Alul DdelBimHI 

tttMX HhiX B.nXXHStXXNXilV 
HUH! MinFX BIP1286 S.U3A 

NCOI NhtX HqlXl XhoXI 

MX»XXX SiCl 

Styx 
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10 20 30 40 50 60 70 



GAATTCATGGCTGACAA^^ 
EcoRI xanl 

os 105 115 125 135 145 



EC047III 

- — — * n n ?nn 

160 



170 180 190 200 210 __220 



Narl PfttI 

^AAAcSgGCGCC^ 
Narl Fspl 

V R Q S H G K S L D V I G Y I S P Y Bat EI I 



310 

CTCATGGTAAGTCTCTAGACTACATCG&g'iawva uu 
SHGKSLDYIGYIS 
BstXI Xbal P^ MI BStEII 

385 395 405 415 425 435 445 

Q 



QKFKGKATLTVDKSSSTAYMti-K^i- 
Dral Sail 
A*n A70 480 490 500 510 520 

.ccrc^crc^ 

saell Nco1 

545 555 565 575 585 595 

GGTGCTAGCGTTACTCTGAGCTCTGGTGGCGCTGGGTCGGGCGGTGGTGCCTCGGGTGGCGGCGGATCCGACGTC 

G A S V T V S S G C G G S C G G G S G G G G S ^ 

Nhel SacI 

sin 620 630 640 650 660 670 

GTTGTTACC^GACTCCGCTGTCTCTGCCGGTTTCTCTGGGTGAC^ 
VVTQTPLSLPVSL PflM 

«n* 695 705 715 725 735 745 

tctctggtcLttctaatggtaacaotacctgaactggtacck 

S L VJ^« HGHTYLKW XJ^O K A G Q S P 

Kpnl 

FIG, 6A-1 
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m q OFDICOXIN BINDING PROTEIN PER ml 



760 770 780 790 800 8X0 820 

ATCTACAAAGTCTCTAACCGCTTCTCTCCTGTCCCGGATCCTTTCTCTGCTTCTGCTTCTGGTACTCACTTCACC 
IYKVSNRFSGVPDRFSGSGSGTDFT 

835 845 855 865 875 885 895 

CTGAAGATCTCTCGTGTCGAGGCCGAAGACCTGGGTATCTACTTCTGCTCTCAGACTACTCATGTACCCCCGACT 
LKISRVEAEDLGIYFCSQTTHVPPT 

Bglll 

910 920 930 940 

TTTGGTGGTCGCACCAAGCTCGAGATTAAACGTTAACTGCAG 
FGGGTKLEIKR* 

Xhol Hpal PstI 

FIG. 
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lO 20 30 40 50 60 

GATCCTGACGTCGTAATGACCCAGACTCCGCT^ 

° P Aatll B * tElX 

70 BO 90 100 HO 120 

GCTTCTATTTC7TGCCGCTCTTCCCAGTC7CTGGTCCATTCTAATGGTAACACTTACCTG 
A61 SCRSSQS LVHS NGNTYL 

Pfllll B*tXI 

130 140 150 160 170 1B0 

AACTGGT ACCT BCA AAAGGCTGGTCAGT CTCCQ AAGCTTCT GAT CT ACAAAGTCTCT AAC 
NWYLOKAGQBPKLLI YKVSN 
B.pMI* Hindi II 

Kpnl 

« o/) 200 210 220 230 240 

CGCTTCTCTGGTGTCCCGGATCGTTTCTCTG6TTCTGGTTCTGGTACTGACTTCACCCTG 
RFSGVPDRF5GSGSGTDFTL 

2SO 260 270 280 290 300 

AAGATC7CTCGTGTCGAGGCCGAAGACCTGGGTATCTACTTCTGCTCTCA5ACTACTCAT 
KISRVEAEDLGIYFCSQTTH 

BgllX 

, 1C 3^0 330 340 350 360 

GTACCGCCGACTTTTGGTGGTGGCACCAAGCTCGAGATTAAACGTGGATCTGGAGGTGGC 
VPPTFGGGTKLElKRGSGGe 

Xhol 

™ "80 390 400 410 420 

ggatctgSggaggtggctctggtggcggtggatccgaag^caattgcagcagtctggt 

GSGGGGSGGGGSEVOLD05B 

BamHl 

4SO 440 450 460 470 460 

CCTGAATTGGTTAAACCTGGCGCCTC7GTGCGCATGTCCTGCAAATCCTCTGGGTACATT 
PELVKPGASVRtlSCKSSGYI 

N*rl F«Pl 

490 500 510 520 530 540 

TTCACCGACTTCTACATGAATTGGGTTCGCCAGTCTCATGGTAAGTCTCTAGACTACATC 
FTDFYMNWVROSHGKSLDYI 

BmtXl XbAl 

3 «S0 560 570 ' 5B0 590 600 

GGGTACATTTCCCCATACTCTGGGGTTACCGGCTACAACCAGAAGTTTAAAGGTAAGGCG 
5 Y 1 SPYSGVTGYNOKFKGKA 
Pflttl B«tEIl Dr*I - 

ol0 620 630 640 650 660 

ACCCTTACTGTCGACAAATCTTCCTCAACTGCTTACATGGAGCT6CGTTCTTTGACCTCT 
TLTVDKSSSTAYHELRSLTS 

Sail 

670 6B0 690 700 710 720 

GAGGACTCCGCGGTATACTATTGCGCG6GCTCCTCTGGTAACAAATGGGCCATGGATTAT 
EDSAVYYCAGSSGNKWAMDY 

S.cll Nco1 

730 740 750 760 Clf 

TGGGGTCATGGTGCTAGCGTTACTGTGAGCTCTTA^CTGCAG V 

K G M 5 A 5? V T V 5 S • 
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-i 1 1 1 r- 

8 8 5 8 8 



FlCn. 
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GAAGTTCAACTGGAGCAG^GGTC^ 

an 90 100 110 120 

TCTSSGVIFTur x« BstXI 
BspMI+ 

150 160 170 180 

510 220 230 240 

Dral 

270 280 290 300 

ex-coaciScm™ 

L R L S S V T A A D V 

130 340 350 360 

GNKWAMDYWGQC5i*v ^ 
Ncol 

-on noo 400 410 420 

GGGSGGGG AatJI 

AAO 450 460 470 480 

cctccgtcggtttcggggg°ctcctg^ 

PPSVSGAPGQRVTISCH^ ^ 
- * VHSNGNTYLNw x w w ~ 



S L 
I BstXI 



Kpnl 



... 570 580 590 600 

Hindill 

TCTGGTTCTKTTCTGCTACTt^CTTCACCCT 
SGS GSGTDFTl»AIXt«i*w««" 

e -»n 680 690 700 710 720 

gagg«gPacttctg CT? caga ? actcatgtac« 

730 740 7S0 Q * 

aagctcacggttctgcgttaactgcag V- I U . » rt 

KLTVLR* LQ 
Hpal PstI 
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10 20 30 40 50 60 

CAATTCCAACTTCAACTCPKCA^^ 
EFEVQLQQSGPELVKP G A S V 

ASUlX P«*I NarI ™ 

ECOR1 

70 80 90 100 110 120 

RMSCKSSGYTFTNYYXH* h^* 
pi 

130 140 150 180 170 180 

CACTCTciTCGTAA^^ 
QSHGKSLEW1CWIY P CHCHT 

XbaX SBaI 

ion 200 210 220 230 240 

AAGTACAATGACAACTTTAAAGCTAACCCGACC^ 
KVNENFKGKATLT V 0 X S S S T 
Oral Sail 

25© 260 270 280 290 300 

GCTrACATGGAGCTGCGTTCTrTCACCTCTGACGACTCCGCGGTATACTATTGCGCGCGT 

A YMELRSLTSED V V Y C^R 

310 320 330 340 350 360 

TACACTCATTATTACTTCGATTATTGGGGCCATGGCGCTAGCGCTACCGTGAGCTCTGGT 
YTHYYFDYWGHGASVTVSSG 
Y T H Y Ncol NhaX Sad 

370 380 390 400 410 420 

GGCGGTGGCTCGCGCGGTCGTGGCTCGGGTGGCGGCCGATCC6ACCTCCTTATGACCCAG 
CGGSGGGGSGGGGSDVVMTQ 

BanHl AatXI 

430 440 450 460 470 480 

ACTCCGCTCTCTCTGCCGGTTTCTCTGGGTGACCAGGCTTCTATTTCTTCCCCCTCTTCC 
TPLSLPVSLGDQASISCRSS 

BatEII 

490 500 510 520 530 540 

CACTCTATCGTCCATTCTAATGGTAAOICTTACCTCCAGTCGTACCTGCAAAAGCCTCGT 
QSIVHSNGNTYLEWYLQKAG 

BstXX BspHI* 

Xpnl 

550 560 570 580 590 600 

CAGTCTCCGAAGCTTCXGATCTACAAAGTCTCTAACCGCTTCTCTGGTGTCCCGGATCGT 
QSPKLLIYKVSNRFSGVPDR 
HindXII 

610 620 630 640 650 660 

TrCTCTGGTrCTGGTTCTGGTACTGACTTCACCCTGAAGATCTCTCGTGTCGAGGCCGAG 
FSGSGSGTDFTLKISRVEAE 

Bglll 

670 680 690 700 710 720 

CATCTGGGTATCTACTACTCCTTCCAAGGCTCTCATGTACCCTGGACTTTCGGCCGTGCC 
OLG X YY CFQGSHVPWTFGGG 

730 740 750 Q 

ACCAAGCTCGAGATTAAACGTTAACTGCAG C I (*\ I 

TKLEIKR*LQ r ■ wi. 

Xhol Hpal PstI 
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GATCCCGAGGTTATGCT^ 
DPEVMLVESC G V Eco0 



Seal 

on 90 100 HO 120 

Si s c " »!;. I s • r *« 

, ,a 150 160 170 180 

-»« , ^ w JTCTACACTGGGTC 

Q T _!^t K *bal Nrul ECORV 



^iAGAAGCGTCTAGAGTGGGTCGCGACGATATCTTCTGGTGGW 



CAG ACTCCGG AG AAGCGTCTA&ai» a ~™ XTlSSGGSHT 
T P E K R ^ a i 

B»pHII »al 

« 10 230 240 

FHPDSVKGRFTi ^ 

270 280 290 300 

TTCTACCTCCAAATGTCTTCTCTACCTAGTCMCATACTSCTATCTACTXCTCTCCACST 

L " 5 

340 350 360 



310 



320 330 



PPLISLVADY A H u NheJ 
Spd NCOX 

,oo 400 41° 4i0 

VTVSSGGGO»«« 
Sad 

440 450 'JL^JZlrrrrtrrgZ 



DIVMTQSHKFHST5 BstEII 
EcoRV 

... 530 540 

ITCKASQDVCAA1M 
PflMI 

R70 580 590 600 

BspMII ~ ASUl * 

700 710 720 

GATGACCTGGCTGATTACTTCTGCCAGCAATATTCCGG 

q y s c 
Sspl Kpnl 



jaioawCTCGCTGATTACTTCTCCCAGCAATATTCW 
DDLADYFCQ Q V S C Y ? ^ 



730 740 750 pi r 

GGCACTAAACTCGAGCTGAAGTAACTGCAG ^ 

GTKLELK* 
I XhOl 
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10 20 30 40 50 60 

GATCCCGAGCTTATCCTCCTTGAATCTGGTCCACTACTCATGGAACCTGGTGCGTCCCTG 
DPEVMLVESGGVLMEPCGSL 

Seal EcoO 



70 80 90 100 1X0 120 

AAGCTGAGCTGTGCTGCTAGCGCCTTCACCTTCTCTCCTTACCCCATGTCTTGGGTCCCT 
KLSCAASGFTFSRYAMSWVR 
Espl Nhel PflMI 

130 140 150 160 170 180 

CAGACTCCGGAGAAGCGTCTAGAGTGGGTCGCCACGATATCTTCTGGTGGTTCGAACACT 
QTPEKRLEWVATISSGGSNT 
BspMIX Xbal Nrul EcoRV AsuXI 

190 200 210 220 230 240 

TACTATCCAGACAGTGTGAAGGGTCGATTCACGATCTCTCGAGACAACGCTAAGAACACG 
YYPDSVKGRFTISRDNAKHT 

Xhol 



250 260 270 280 290 300 

TTGTACCTGCAAATGTCTTCTCTACGTAGTGAAGATACTCCTATGTACTACTGTCCACGT 
LYLQMSSLRSEDTAMV Y C A R 
BspMI+ SnaBI ApaLI 

310 320 330 340 350 360 

CCTCCACTGATCTCACTAGTTGCTGATTATGCCATGGATTATTCGCCTCATGGTGCTAGC 
PPLISLVADYAMDYWGHGAS 
Spel Hcol Nhel 

370 380 390 400 410 420 

GTTACTGTGAGCTCTGGTGGCCGTGGGTCGGGCGGTGGTGGCTCGGGTGGCGCCCGATCG 
V7VSSGGGG5GGGGSGGGG5 
Sad 



430 440 450 460 470 480 

GATATCGTTATGACTCAGTCTCATAAGTTCATGTCCACTTCTGTTGGTGACCGTGTTTCT 

DIVMTQSHKFMSTSVGDRVS 
EcoRV BstEII 

490 500 510 520 530 540 

ATCACTTGTAAGGCCAGCCAGGATGTGCGTGCTGCTATCGCATGCTATCAGCAGAAGCCC 
ITCKASQDVGAAIAWYQQKP 
PflMI Sma 

550 560 570 580 590 600 

GGGCAGTCTCCTAAGCTGCTGATCTACTGCGCCTCGACTCGTCATACTGGTGTCCCGGAT 

GQS P K L L I YWASTRHTGVPD 
I Sail 



610 620 630 640 650 660 

CGTTTCACTGGGTCCGGATCAGGTACTGATTTCACTCTGACTATTTCGAACCTTCAGTCT 
RFTGSGSGTDFTLTI SNVQS 
BspMII A*UlI 

670 680 690 700 710 720 

GATGACCTGGCTCATTACrrCTGCCACCAATATTCCCGGTACCCTCTGACTTTCCGTGCC 
DDLADYFCQQYSGYPLTFGA 

Sspl 

730 740 750 

GGCACTAAACTCGACCTGAAGTAACTCCAG 

CTKLELK* 
I Xhol PstI 



Kpnl 



FIGi. 



Nae 



RE 
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20 

10 



- » «• * ssss ss is a is js s s is s as s 

ATG AAA GCA ATT TTC GTA CTG AAA BglH 4Q 

, 3 ° c-.- His Lou Val Leu Val Asp L«u Ala 
Leu Asp Val T*r Asp His Ly. ASP £» •« *g & CTG GTT CTG OTC GAC CTG GCT 

CTG GAC GTT CCT ACC GAC CAC AAA ** Sail ^ 

■ajsaaasasssiasaasssaaaa 



ASp 
GAT 



EcoRI 

Sspl 




FlGi. 10 5 



Afim 
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94- 
V 67- 
43" 

h 29- 

^ 20.1 - 
14.4- 



a 



0 12 3 4 5 

Fl Cn. 11 



DVQLQESGPGLVKPSOSLSLTCSVTGYSIT 



SGYFWNWI RQFPGNKLEWLGF 
NPSLKNRVS ITRDTSENQFFL 
YYCAGDNDHLYFDYWGQGTTL 

GGGGSGGGGSGGGGS 



IXYDGSNYG 
KLDSVTTAT 
TVS 



QAVVTQESALTTSPGCTVI LTCRSSTGAVT 
TSNYANW IQEKPDHLFTGLIGGTSNRAPGV 
PVRFSGSL I GDKAALTITGAQTEDDAMYFC 
ALWFRNH FVFGGCTKVTVLG 



FIG. 9C 
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26H0SF* 

26H0Feb 




INHIBITOR CONCENTRATION f Mj 



48 



EP 0 318 554 B1 




LOG UNBOUND DICOXIN CONCENTRATION IMJ 



FiOi. I3B 



I* 

EP 0 318 554 B1 



10 20 30 40 50 60 

GAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCGTTCTACGAGATCTrG 

EFMADNKFNKEQQNAFYEIL 
EcoRX MluZ Bglll 

XanI 

70 80 90 100 110 120 

CACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAAAGCTTGAAGGATGAG 
HLPNLNEEQRNGFIQSLKDE 
BspMI+ Hindlll 

130 140 150 160 170 180 

CCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAACGATGCGCAGGCACCG 
PSQSANLLADAKXLNDAQAP 

Nhel Fspl 

190 200 210 220 230 240 

AAATCGGATCAGGGGCAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCG 
KSDQGQFMADNKFNKEQQNA 

Mlul 
XmnI 

250 260 270 280 290 300 

TTCTACGAGATCTTGCACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAA 
FYEILHLPNLNEEQRNGFIQ 
Bglll BspMI+ H 

310 320 330 340 350 360 

AGCTTGAAGGATGAGCCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAAC 

SLKDEPSQSAHLLADAKKLH 
indlll Nhel 

370 380 rxr 

GATGCGCACGCACCGAAATCGGATCC r I . n 

DAQAPKSDP 
Fspl BamHI 
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(BABS) 



10 20 30 40 50 60 70 

GGATCCCCTAACTCTGACTCTGAATGCCCCCTCAGCCACCACCCCTACTCCCTGCACCACCGTGTTTGCATGTAC 

GSGNSDSECPLSHDGYCLHDGVCMY 
BamHI B*ml+ EspX 

85 95 105 115 125 135 145 

ATCGAAGCTCTGGACAAATACGCATGCAACTGCGTTGTAGGCTACATCCGTGAGCGCTGCCAGTATCGCGATCTG 
IEALDKYACNCVVCYIGERCQYRDL 
SphI Nrui 

160 170 r \ r i c a 

AAATGGTCGGAGCTGCGTTAACTCCAG Y 1 CJl . • i> n 

K W W E L R * 

Hpal PstI 
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(BABS) - 

10 20 30 40 50 60 

GGATCCGGTCGCGACCCGTCCAACGACTCCAAAGCTCACCTTTCTGCTCCCGAACCTCCT 

GSGG DPSKDSKAQVSAAEAG 
BanHI 



70 80 90 100 110 120 

ATCACTGGCACCTGGTATAACCAACTGGGGTCGACTTTCATTGTGACCGCTGGTGCGGAC 
ITGTWYHQLGSTFIVTAGAD 

Sail 



130 140 150 160 170 180 

GGAGCTCTGACTGGCACCTACGAATCTGCGGTTGGTAACGCAGAATCCCGCTACGTACTG 
GALTGTYESAVGHAESRYVL 
SacI SnaBI 



190 200 210 220 230 240 

ACTGGCCGTTATGACTCTGCACCTGCCACCGATGGCTCTGGTACCGCTCTGGGCTGGACT 
TGRYDSAPATDGSGTALGWT 
BspMI+ Kpnl 

250 260 270 280 290 300 

GTGGCTTGGAAAAACAACTATCGTAATGCGCACAGCGCCACTACGTGGTCTGGCCAATAC 
VAWKNNYRNAHSATTWSGQY 

Fspl Drain Ball 

PflMI BstXI 



310 320 330 340 350 360 

GTTGGCGCTGCTGAGGCTCGTATCAACACTCAGTGGCTCTTAACATCCGGCACTACCGAA 
VGGAEARINTQWLLTSGTTE 

Drain Hpal 

370 380 390 400 410 420 

GCGAATGCATGGAAATCGACACTAGTAGGTCATGACACCTTTACCAAAGTTAAGCCTTCT 
ANAWKS TLVGHDT. FTKVKPS 
Bsml+ spel 
Nsil 



430 440 450 460 470 480 

GCTGCTAGCATTGATGCTGCCAAGAAAGCAGGCCTAAACAACGGTAACCCTCTAGACCCT 
AASI DAAKKAGVNNGNPLDA 
Nhel BstEII Xbal 

490 500 
GTTCAGCAATAACTGCAG ^ . „ . c PL 

v q q * r \ en. » a « 

PstI 
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(BABS)- 

lO 20 30 40 50 60 

GGATCCGCTGTACGTAGCTCCTCTCGCACTCCGTCCGATAAGCCGGTTGCTCATGTAGTT 
GSGVRSSSRTPSDKPVAHVV 

BamHI SnaBI 

70 80 90 100 HO 120 

GCTAACCCTCAGGCAGAAGGTCAGCTTCAGTGGCTGAACCGTCGCGCTAACGC^CCTGCTG 

ANPQAEGQLQWLNRRAH A k 

Mstll ■ BglX 

iin 140 150 160 170 180 

GCAAACGGCGTTGAGCTCCGTGATAACCAGCTCGTGGTACCTTCTGAAGGTCTGTACCTG 

ANGVELRDNQLV VPSEv»1jX 
Sad PflMI Kpnl 

190 200 210 220 230 240 

ATCTATTCTCAAGTACTGTTCAAGGGTCAGGGCTGCCCGTCGACTCATGCTCTGCTGACT 

1 Y S Q scll F K G ° G Sail 

250 260 270 280 290 300 

CACACCATCAGCCGTATTGCTGTATCTTACCAGACCAAAGTTAACCTGCTGAGCGCTATC 
HTTSRIAVSYQTKVNLLSAI 
HTISRIAvaxu H paIBspMI+ ECD47III 

Espl 

310 320 330 340 350 360 

AAGTCTCCGTGCCAGCGTGAAACTCCCGAGGGTGCAGAAGCGAAACCATGGTATGAACCG 

KSPCQRETPEGAEAK * oj w 

370 380 390 400 410 420 

ATCTACCTGGGTGGCGTATTTCAACTGGAGAAAGGTGACCGTCTGTCCGCAGAAATCAAC 
IYLGGVFQLEKGDRLSAEIN 

BstEII 

430 440 450 460 470 480 

CGTCCTGACTATCTAGATTTCGCTGAATCTGGCCAGGTGTACTTCGGTATTATCGCACTG 
RPDYLDFAESGQVYFGIIAL 

Xbal Ball 

TAACTGCAG ? I U . ~* V " 

* 

PstI 
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10 20 30 40 50 60 

GG AT C CGGTG CTG ATCAG CTGACTGACG AG CAG ATCGCTG AATTTAAAGAGG CTTTCTCT 

GSGADQLTDEQIAEFKEAFS 
BamHI BclIPvuII Dral 

70 80 90 100 110 120 

CTGTTTGACAAAGACGGTGACGGTACCATCACTACCAAAGAGCTCGGCACCGTTATGCGC 
LFDKDGDGTITTKELGTVMR 

Kpnl Sad Fspl 

130 140 150 160 170 180 

AGCCTTGGCCAGAACCCGACTGAAGCTGAATTGCAGGACATGATCAACGAAGTCGACGCT 
SLGQNPTEAELQDMINEVDA 
Ball Bell Sail 

190 200 210 220 230 240 

GACGGTAACGGCACCATCGATTTTCCGGAATTTCTGAACCTGATGGCGCGCAAGATGAAA 
DGNGTIDFPEFLNLMARKMK 
Clal BspMII BssHII 

250 260 270 280 290 300 

GACACTGACTCTGAAGAGGAACTGAAAGAGGCCTTCCGTGTTTTCGACAAAGACGGTAAC 
DTDSEEELKEAFRVFDKDGN 

StUl 

310 320 330 340 350 360 

GGTTTCATCTCGGCCGCTGAACTGCGTCACGTTATGACTAACCTGGGTGAAAAGCTTACT 
GFISAAELRHVMTNLGEKLT 
EagI Hindlll 

370 380 390 400 410 420 

GACGAAGAAGTTGACGAAATGATTCGCGAAGCTGACGTCGATGGTGACGGCCAGGTTAAC 
DEEVDEMIREADVDGDGQVN 
XmnI Nrul Aatll Hpal 



430 440 450 

TACGAAGAGTTCGTTCAGGTTATGATGGCTAAGTAACTGCAG C | Cn I 5 D 

YEEFVQVMMAK* r ■ ^" . 



PstI 
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10 20 30 40 50 60 

GGATCCGGTGGAGGCTCTCTGGGCTCTCTGACTATTGCCGAACCGGCAATGATTGCTGAA 

G S G G G S LGSLTIAEPAMIAE 
BamHI Bgll Bsm 

70 80 90 100 110 120 

TGCAAGACTCGTACCGAAGTCTTCGAGATCTCTCGTCGTCTGATCGATCGCACTAATGCC 

CKTRTEVFEISRRLI DR TNA 
1+ Bglll Clal Bs 

Pvul 

130 140 150 160 170 180 

AACTTCCTGGTATGGCCGCCGTGCGTCGAGGTACAACGCTGCTCCGGGTGTTGCAACAAT 

NFLVWPPCVEVQRCSGCCNN 
tXI 

190 200 210 220 230 240 

CGTAACGTTCAATGTCGACCGACTCAAGTCCAGCTGCGTCCGGTCCAAGTCCGCAAAATC 
RNVQCRPTQVQLRPVQVRKI 
Sail PvuII 

250 260 270 280 290 300 

GAGATTGTACGTAAGAAACCGATCTTTAAGAAGGCCACTGTTACTCTGGAAGACCATCTG 
EIVRKKPI FKKATVTLEDHL 
SnaBI 

310 320 330 340 350 

GC ATG CAAATGTG AG ACTGTAG CGG CCGCACGTCCAGTTACTTAACTG CAG 

ACKCETVAAARPVT* 
SphI EagI PstI 

NotI 

FlGi. I5E 
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(BABS) - 

1ft 20 30 40 50 60 

GGATCCGCTATATTCCCCAAACAATACCCAATOATAAACTCTACCA^GCGGGTGCCACT 

GSGlFPKQYPIIHfTTAeAi 
BamHI 

, ft 80 90 100 HO 120 

iao 150 16° 170 180 

... ,00 210 220 230 240 

ATTTTAGTOAACTCTCAAAT^ 
ILVELSNHAELSVT 



AATGCATATGTGGTCGGCTACCGTGCTGGAAATAGCGCATATTTCTTOCATCC^TGA 
NAYVVGYRAGNSAYFFHPUN 

Ndel 



250 260 _270 280 290 300 

M 
Nsil 

320 330 340 350 360 

CAGGAAGATGCAGAAGCAATCACTCATCTTTTCACTGATGTTCAAAATCGATATACATTC 

QEDAEAITHLFTU V 



370 380 390 



400 410 420 



GCCTTrGGTGGTAATTATGATAGACTTGAACAACTTGCTGGTAATCTGAG^GAAAATATC 
AFGGNYDRLEQLAGNLREN 

430 440 450 460 470 480 

\TCTC 
I 1 

EC047III Seal 



GAGTTGGGAAATGGTCCACTAGAGGAGGCTATCTCAGCGCTTTATTATTACAGTACTGGT 
ELGNGPLEEAISAL YYY S _T 



aqo 500 510 520 530 540 

GGCACTCAGCTTCCAACTCTGGCTCGTTCCTCTATAAT^ 



G T Q 

550 560 570 580 590 600 

GCAGCAAGATTCCAATATATTGAGGGAGAAATGCGCACGAGAACTAGGTACAACCGGAGA 

AARFQYIEGEMRTRIRYNR R 
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10 20 30 40 50 60 

BaaHT PvuII 

7 n 80 90 100 110 120 

CTGCTGGACCTTCAGATGATCCTGAACGGTATCAACAACTACAAGAACCCGA^CTGACT 



130 140 



150 160 170 180 



500 210 220 230 240 

tgcctggaIJaagaactgaagccgctggaggaagtactgaacctggctcagtcta^ 

C U Seal 

,= 0 260 270 280 290 300 

F H L R P bc1i xbaI 

nfl 320 330 340 350 360 

GGCTCTGAAACTACCTTCATGTGCGAATACGCTGACGAAACTGCTACCATCGTAGAATTT 
GSETTFMCEYADETATIVEF 

,70 380 390 400 410 420 

CTGAACCGTTGGATCACCTTCTGCCAGTCTATCATCTCTACTCTGACTTAACTGCAG 

LNRWITFCQS I I S T L> T 

FlCn. »SGi 



57 



EP 0 318 554 B1 



(BABS) - 

10 40 50 60 

GSGADNKFNKtu* BglII 
BamHI XnnI 

HLPNLNEEQR» GFJ - U HindII x 



CACCT 
H L 
BspMI+ 



p s „ S » H L^X D 
^xlSxCCCSCX^ 

ksdqgqfmadnk* m1uI 

XmnI 

280 290 300 

FVElLHLPNLNEtw H 
BglII BspHI+ 

^ * ° * * s 0 S * »..x 

370 380 Cl(^ 15H 

GATGCGCAGGCACCGAAATAACTGCAG • » w » 

DAQAPK* 
Fspl PstI 
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